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INTRODUCTION 
The integument is a characteristic feature of arthropods 
and to a large extent is responsible for the success of 
insects as terrestrial animals. The integument determines 
some characteristics of insects in a more profound way than 
the outer covering of other animals; it is the skin, the 
skeleton and the food reserve (Locke, 1964). The integument 
affords support and protection through its rigidity and hard­
ness and is of primary importance in restricting water loss 
from the body surface. One of the major limitations of the 
insect exoskeleton is its inability to undergo extensive 
expansion. Increase in size of an insect usually requires 
the periodic shedding and renewal of the integument through 
the complementary processes of apolysis (separation of the 
old cuticle from the epidermis) and ecdysis (shedding of the 
old cuticle). 
Since insects and other arthropods mature through a 
series of molting, there appears to be opportunities to 
interfere and interrupt these processes with chemicals 
specific to arthropods which have low hazards to other species 
in the environment. Locke (.1976) reported that, "The idea 
that insects may be especially vulnerable during very brief 
periods in their life history has not yet been exploited. 
Potential insecticides may have been overlooked because they 
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have only been tested for their effects during relatively 
nonvulnerable stages. Biocides might be 100% effective at 
molting but have an unimpressive I'D-q if tested on insects 
that are between molts.'" 
The major constituent of the insect cuticle is chitin, 
a polyacetyl glucosamine, which is the characteristic struc­
tural carbohydrate of arthropods. Locke (1975) reported that, 
"despite the fact that it comprises a clearly distinctive 
arthropod feature, the integument appears to have been 
largely neglected as a potentially selective insecticide 
target. If there are uniquely vulnerable targets for our 
chemicals to make them insecticides and not biocides, we may 
hope that an understanding of the cuticular properties can 
help us find them." 
Recently an insecticide, DU 19111, has been introduced 
which appears to block chitin synthesis; it emerged as a 
result of a program by the Dutch firm, Philips-Duphar, during 
their investigation of new derivatives of the herbicide 
dichlobenil. Diflubenzuron is a structural analogue of 
DU 19111. The discovery of 1-(2,6-disubstituted benzoyl)-3-
phenylureas group which includes diflubenzuron is, therefore, 
of considerable potential importance since these represent 
the first group of insecticides that act upon or react with 
the insect integument. Since then, a lot of interest has 
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been generated and new frontiers in the cuticle chemistry have 
been initiated. Several compounds of this type have been 
evaluated to date, but only diflubenzuron (TH 6040) (l-(4-
chlorophenyl)-3-(2,6-difluorobenzoyl)-urea), has been selected 
for commercial development. This group is considered as a 
new class of chemicals, having a novel mode of action and 
since then, a great amount of research has been conducted on 
chemicals that interfere with the normal insect growth 
processes. These compounds are called molting inhibitors 
and they differ from insect development inhibitors (IDI) 
(Schaefer and Wilder, 1972). Although chitin inhibitors 
exert their effect similar to juvenile hormones, they are 
structurally different from them. The mode of action is 
another difference since molting inhibitors are absorbed 
through the gut; none of the juvenile hormone mimics are 
known to be absorbed. 
A more common term for the Insect Growth Regulators 
(ICRs) is "third generation insecticides" and chitin inhibi­
tors are included in this assemblage. These are not, in the 
usual sense, toxic to insects. Instead of killing directly, 
they interfere in the normal mechanisms of developing and 
cause the insects to die before reaching the adult stage. 
Insect larvae that have ingested diflubenzuron remained 
seemingly unaffected until they had entered the apolytic 
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stage preceding the actual shedding of their exuviae. But the 
molting process stagnated somewhere on the way. Larvae treated 
long enough before ecdysis showed that the formation of endo-
cuticle is disturbed and the newly formed cuticle consists only 
of epicuticular and exocuticular tissues which are not properly 
attached to the epidermis (Mulder and Gijswijt, 1973). Hence 
the newly formed cuticle is a very delicate one and cannot 
resist muscular traction and increased turgor during eclosion 
and molting. This explains why affected larvae succeed only 
partly, or not at all, in casting their exuviae. The actual 
cause of death most probably is either rupture of the new cuti­
cle or starvation in case the cuticle remains intact. The 
ovicidal effect occurs because the embryo, though com­
pletely formed, does not have the muscular leverage to emerge 
from the egg. Diflubenzuron has a unique action of preventing 
successful reproduction by females of certain insects without 
adverse effects on their behavior. This provides opportunities 
for the addition of a new suppression component to the use of 
sterile or genetically altered insects in management of eradi­
cation programs. 
The purpose of this study was to determine the effect of 
diflubenzuron on eggs, larvae, pupae and adults of the European 
corn borer, Ostrinia nubilalis (Hubner), and to determine if 
this chemical can be used as one component in the management 
of this species. 
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LITERATURE REVIEW 
Diflubenzuron has been found to be effective on practi­
cally all orders of insects including Lepidoptera larvae, 
Diptera larvae, certain beetle larvae and eggs of different 
insect species (Mulder and Gijswijt, 1973; Wellinga et al., 
1973a, 1973b; Jakob, 1973; Van Daalen et al., 1972). 
Although diflubenzuron is called an insect growth 
regulator and although its activity appears to be hormone­
like, it is structurally different from juvenile hormone 
mimics. However, diflubenzuron does exert, like JH mimics, 
an activity quite different from conventional insecticides. 
After having been exposed to diflubenzuron a lag period is 
expected, and insect larvae continue to behave and feed 
normally until the next molt or pupation is due. Therefore, 
after treatment, some feeding damage usually occurs. 
Symptoms of insects treated with diflubenzuron were 
described by Mulder and Gijswijt (1973). They summarized 
their results as follows; diflubenzuron activity demon­
strates itself as a failure of insects to molt or pupate. 
Pieris brassicae L. larvae that were allowed to feed on 
plants treated with diflubenzuron remained unaffected until 
they entered the apolytic stage preceding the shedding of 
the exuviae. The apolysed larvae could be seen moving within 
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their intact exuviae but were unable to wriggle out of it. 
The entrapped larvae desiccated, gradually blackened and 
finally died while still attached to the plant leaves. At 
sublethal concentrations, a few larvae succeeded in splitting 
the exuviae but were unable to complete ecdysis and died, 
again with loss of moisture and gradual blackening. When 
last instar larvae were allowed to feed on diflubenzuron 
treated foilage, pupation was aborted; abdominal parts of the 
pupae shed exuviae while the anterior portion of the pupae 
remained within the last larval skin. 
Their histological examinations of the affected larvae 
revealed the presence of severe lesions in the endocuticular 
tissue and severe obliteration of the connection between the 
epidermis and the cuticle. They concluded that the actual 
cause of death was most probably, either rupture of the new 
cuticle or starvation in the case the cuticle remain intact; 
treated larvae always showed strongly degenerated adipose 
tissues. 
The term Insect Development Inhibitors (IDI) was first 
proposed by Schaefer and Wilder (1972) for compounds which, in 
contrast to conventional insecticides, are generally nontoxic 
but inhibited or prevented normal metamorphosis of immature 
forms to the adult stage. Such compounds have shown activity 
against mosquitoes (Jakob and Schoof, 1972; Jakob, 1973; 
Schaefer and Wilder, 1972; Hsieh and Steelman, 1974; Mulla 
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et al., 1974; Schaefer et al., 1975). The IGR diflubenzuron 
was found effective for ail developmental stages of mosquitoes 
in low concentration (Georghiou and Lin, 1975) and is rela­
tively safe to other organisms associated with mosquito breed­
ing habitats including the mosquito fish, Gambusia affinis 
(Baird and Girard) an important biological control agent (Miura 
and Takahashi, 1974a,b, 1975). 
Georghiou et al. (1975) reported that due to the multitude 
of chemicals employed in mosquito control and agriculture, a 
broad spectrum of resistance to organophosphorous insecticides 
has evolved in Culex pipiens quinquefasciatus (=fatigans) Say 
in California San Joaquin Valley. Their results indicated that 
diflubenzuron manifested outstanding activity against both 
susceptible and organophosphorous multiresistant strains. 
Schaefer et al. (1974) reported that organophosphorous 
resistant strains of Aedes nigromaculis (Ludlow) , Aec^es 
melanimon Dyar and Culex tarsalis Coquillett were all success­
fully controlled by diflubenzuron. 
Compounds that inhibit or prevent normal metamorphosis 
of immature forms to adult stages have shown activity against 
the immature stages of Diptera which are economically damaging 
as adults i.e. Musca domestica L. (Jakob, 1973; Wright, 1974; 
Miller, 1974; Wright, 1975; Miller, 1976; Barker and Newton, 
1976); Stomoxys calcitrans (L.) (Wright, 1974; Campbell and 
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Wright, 1976; Wright and Spates, 1976; Wright et al., 1977, 
1978); Haematobia irritans (L.) (Hopkins and Chamberlain, 
1976; Barker and Jones, 1976; Kunz, 1976; Kunz and Bay, 1977; 
Kunz et al., 1977); Musca autmnnalis DeGeer (Miller, 1974; 
Pickens and DeMilo, 1977). 
Chironomid midges are a source of nuisance in recrea­
tional and residential areas in California. Tests conducted 
by Mulla et al. (1975), Mulla and Darwazeh (1975), Mulla et al. 
(1976), and Ali and Mulla (1977) showed success by the appli­
cation of diflubenzuron especially in early preventive types 
of treatment where the goal is primarily to avoid the develop­
ment of adult generation thereby reducing adult emergence. 
Since diflubenzuron blocks chitin synthesis (Post and 
Vincent, 1973; Post et al., 1974) and since adult insects 
have completed their chitinous exoskeleton, the compound is 
not active on adult stages. In an undated Technical Bulletin 
of Thompson-Hayward Chemical Company ca. 1975 some activity on 
mosquito pupae was reported. 
The primary activity of diflubenzuron results from 
ingestion. Little contact activity has been demonstrated 
[Wright and Harris, 1976; Ascher and Nemny, 1976a). These 
compounds are stomach poisons and lack plant systemic activity 
(Elings and Dieperink, 1974; Mulder and Gijswijt, 1973). 
Since diflubenzuron is nonsystemic either no activity is 
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expected against sucking insects or spider mites, nor against 
their parasites and predators. Parasites and predators of 
susceptible pest species would suffer in the first place from 
the disappearance of their food source, by the control itself. 
Diflubenzuron was not reported phytotoxic on plants. 
Elings and Dieperink (1974) observed that insect eggs 
failed to hatch after the adult ingested diflubenzuron. 
Subsequently this same effect was observed in the boll weevil, 
Anthonomus grandis Boheman by Moore and Taft (1975). Wright 
and Spates (1976) reported an ovicidal effect of diflubenzuron 
in Dipterans i.e. the stable fly and the house fly, with no 
effect on fecundity. They further stated that the chemical 
was active primarily on the females, but treated males also 
transferred the effect to untreated females. They suggested 
that the effect could be defined as ovicidal or larvicidal 
as fully developed larvae failed to emerge from eggs and that 
the stable fly was more susceptible than the housefly. 
Abnormal side-hatching as well as ovicidal action was 
reported by Miura et al. (1976) when egg rafts of the southern 
house mosquito, Culex pipiens quinquefasciatus Say, were 
exposed to water treated with diflubenzuron. They further 
found that unhatched eggs contained fully developed embryos; 
segmentation, eye spots, egg spine and setae were visible 
through the egg shell. Induction of slower embryonic growth 
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rate was also suggested since untreated eggs had completed 
hatching within 2 days post oviposition while eggs exposed to 
treated water required 2-3 days to complete hatching. 
Ascher and Nemny (1974) had previously proved from 
laboratory studies involving dipping eggs of the cotton leaf 
worm, Spodoptera littoralis Boisd, in a 0.000025% a.i. dilu­
tion in water of a 5% liquid formulation that diflubenzuron 
has a high ovicidal action. They noted that eggs treated with 
lethal concentrations of diflubenzuron reached a very advanced 
stage of embryonic development, namely, shortly before 
hatching, when the egg shell becomes transparent and the black 
head of the larva can be seen through it. It has been shown 
that ovicides of diverse modes of action may allow insects 
and mite embryos to reach maturity and that death sets in 
shortly before eclosion, when the embryo is most vulnerable to 
stress (Ascher and Moscowitz, 1970). These results were 
further substantiated by Salama and Magd El-Din (1977) when 
a lethal effect of 100% was induced in the cotton leaf worm 
eggs at a concentration of 5 ppm. 
Wright and Harris (1976) , Wright and Spates (1976), 
Wright et al., (1978) and Ivie and Wright (1978) concluded that 
the lack of hatch of eggs laid by adult stable flies and horn 
flies which were exposed to surface contact of diflubenzuron 
indicates the ovicidal action against these species. Wright 
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and Spates (1976) reported that diflubenzuron sterilized flies 
and reduced reproduction when applied to surfaces and that 
diflubenzuron can be transmitted by contact from males to 
female flies. They suggested that the possible advantage of a 
chemical insect sterilant that is effective by surface contact 
offers an alternative to the effective but cumbersome method 
of mass rearing and sterilizing of insects. 
Elings and Dieperink (1974) reported a certain type of 
sterilant activity when female adults of the house fly ingested 
diflubenzuron from a bait prior to oviposition. They found 
that eggs were laid normally with normal embryos but larvae 
failed to emerge and they correlated this failure in emergence 
to inhibition of cuticle development. 
Verloop and Ferrell (1977) reported that benzoylphenyl 
ureas effectively control major insect-pests by acting as 
chemosterilants. Ivie and Wright (1978) found that treatment 
of stable flies with diflubenzuron resulted in the secretion 
of up to 1% of the dose into the eggs as unmetabolized diflu-
benzuron, but eggs from house flies contained much lower 
residues. They concluded that secretion of diflubenzuron 
into the eggs and the resulting toxicity to the developing 
embryo probably accounts for the sterility observed in the 
adults of several insect species exposed to this insecticide. 
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When the release of sterile boll weevils was first pro­
posed as a method of control or eradication, the sterilizing 
agent was gamma irradiation. The irradiated weevils did not 
survive very long (Davich and Lindquist, 1952; Mayer and 
Brazzel, 1966) and the interest shifted to chemosterilants. 
Several chemosterilants produced low mortality, especially 
when given in a diet (Klassen and Earle, 1970; Flint et al., 
1973) and the treatment procedure was cumbersome and time-
consuming. Earle et al. (1978) reported that the combined 
effect of gamma irradiation and diflubenzuron would give the 
most reliable results. They further added that this pro­
cedure is simple and induces high sterility without severely 
inhibiting male sexual activity. 
Moore and Taft (1975) reported that boll weevil egg mor­
tality occurred when females were exposed to or dipped in 
diflubenzuron or were confined with males subjected to such 
treatment. They concluded that treatment of females with 
nontoxic doses of diflubenzuron will at least temporarily 
reduce hatch but adult females begin laying viable eggs 2-3 
weeks after exposure. Taft and Hopkins (1975) achieved 98% 
reduction in the generation when diflubenzuron was mixed 
with invert sugar molasses and was applied as a bait to 
cotton plants in the field; while Lloyd et al. (1977) 
obtained a 99.9% boll weevil population reduction. Ganyard 
et al. (1977) reported that this reduction continued through 
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the F2 generation. Wide-area field test of diflubenzuron 
for control of an indigenous boll weevil population and the 
population dynamics were recorded in the diflubenzuron 
treated fields and in a conventionally treated check area by 
Ganyard et al. (1978). Their results indicate >90% control 
of reproduction and that the boll weevil population in 
the diflubenzuron treated area was no higher than the initial 
overwintered population but the population increased 12X 
where conventional chemicals were used. They concluded that 
the advantage of diflubenzuron over conventional insecticides 
in the management of boll weevil populations is the fact that 
it can be used during early season to prevent boll weevils 
from reproducing while having minimal adverse effects on 
arthropod natural enemies of Heliothis species. 
Since the primary objective in forest pest control is 
to prevent excessive defoliation by limiting insect popula­
tions, diflubenzuron proved to be effective for gypsy moth, 
Lymantria (=Porthetria) dispar (L.), suppression (Granett and 
Dunbar, 1975) and it has no deleterious effects on the gypsy 
moth parasitoid, Apanteles melanoscelus (Ratzerburg), (Granett 
and Weseloh, 1975; Granett et al., 1975 and Granett et al., 
1975) . 
Retnakaran and Smith (197 5) reported that diflubenzuron 
demonstrated a good potential as a control agent for the 
spruce budworm, Choristoneura fumiferana (Clem.). 
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Diflubenzuron was most effective when fed to early instars of 
the western spruce budworm, Choristoneura occidentalis Freeman, 
and the Douglas fir tussock moth, Orgyia pseudotsugata 
(McDonnough) (Gillette et al., 1978). 
Retnakaran and Smith (1976) and Fast (1976) reported 
spectacular control of the forest tent caterpillar, Malacosoma 
disstria Hbn. with diflubenzuron. 
Laboratory tests conducted by Fogal (1977) on Diprion 
similis (Hartig), one of a number of diprionid sawflies which 
defoliate pine trees, indicate that diflubenzuron may be a 
useful tool for the suppression of this pest. 
Effective control of the cotton leaf worm, Spodoptera 
littoralis (Boisd), was obtained by Rizk and Radwan (1975) and 
by Ascher and Nemny (1976b); mortality of small larvae occurred 
during molting while late instar mortality occurred at the 
prepupal stage. They concluded that feeding the last instar 
larvae for one day yielded poor results and this may cast some 
doubts on the potential of the compound for the use against 
this pest. 
Abid et al. (1978) reported that larvae of the spiny boll 
worm, Earias insulana (Boisd), treated with diflubenzuron, were 
unable to completely shed their exuviae which eventually led 
to their death. 
Flint and Smith (1977) working with larvae of the pink 
boll worm, Pectinophora gossypiella (Saunders), reported ca. 64% 
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reduction in emergence when first instar larvae ingested 
diflubenzuron in their diet; adults exposed to diflubenzuron 
either in their diets or on treated surfaces had gradual loss 
of fertility during a period of 4 to 6 days. Flint et al. 
(1978) reported that larvae of the pink boll worm fed diet 
treated with diflubenzuron at 1-10 ppm were prevented from 
developing to the adult stage. 
Miller (1976) reported spectacular success on the control 
of house fly, stable fly, horn fly and face fly when diflu­
benzuron was incorporated in the cow's diet. 
Barker and Jones (1976) studied the effect of difluben-
zuron on larvae of horn fly development in feces of bovines 
that consumed mineral blocks containing diflubenzuron; there 
was a high degree of larval development inhibition. Kunz 
et al. (1977) reported that spray treatment of horn flies on 
range cattle with diflubenzuron resulted in failure of the 
eggs to hatch or failure of the larvae to develop to pupae. 
Feedlots are ideal for the reproduction of stable flies 
(manure for larvae and cattle for adult feeding) so an insec­
ticide which kills the nonpestiferous immature stages in manure 
would be desirable. The surface treatment of the breeding area 
inhibited the emergence of the stable fly and house fly 
(Wright, 1974). The application of an insecticidal agent at 
the breeding site where the insect is relatively stationary. 
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potentially would seem more efficient than the current methods 
of attack on the highly agile, mobile adults. Campbell and 
Wright (1976) concluded that the IGRs were as effective as the 
insecticides in the inhibition of stable fly adult emergence 
from the breeding areas. They suggested that application of 
the IGRs in combination with knockdown sprays on breeding 
areas could be part of an integrated program for fly control. 
Corley et al. (1974), Miller et al. (1975) and Miller 
(1976) added diflubenzuron to cow rations; no more than 0.1 
ppm of diflubenzuron was detected in the milk. 
Miller et al. (1975, 1976) reported high mortality of 
house fly larvae in the manure of chickens that had consumed 
diflubenzuron incorporated into the ration. Miller et al. 
(1975) found detectable residues of diflubenzuron in eggs, 
liver and visceral fat when diflubenzuron was added to the 
ration; diflubenzuron did not affect fertility or hatchability 
of chicken eggs. 
Tamaki and Turner (1974) concluded that diflubenzuron 
provided a practical control of the zebra caterpillar, Cermica 
picta (Harris), a serious pest of sugar beets. 
Turnipseed et al. (1974) reported that diflubenzuron 
afforded adequate initial and excellent residual control of 
the velvet bean caterpillar, Anticarsia gemmatalis (Hiibner) , a 
significant control of the soybean looper and a severe reduc­
tion in the number of Mexican bean beetle larvae. They 
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suggested that the suppression of loopers offered a promise 
for the control of the green clover worm and the velvet bean 
caterpillar. 
Conventional grain protectants kill adult insects, but 
insecticides with novel mode of action, which affect the im­
mature stages, are now being considered. There has been much 
interest in the use of juvenile hormone analogues (Thomas and 
Bhatnagar-Thomas, 1968; Pallos et al., 1971; Bhatnagar-Thomas, 
1973) but their delayed action resulting in the prolonged 
consumption of food by larvae (Bowers, 1971) make these 
materials of questionable value as grain protectants. Carter 
(1975) found that diflubenzuron has a sufficient order of 
safety for consideration as a grain admixture to control 
stored grain pest especially where resistance to insecticide 
is producing increasing control problems. McGregor and Kramer 
(1976) reported that the application of diflubenzuron to stored 
wheat and corn prevented progeny development of the rice 
weevil, Sitophilus oryzae (Linnaeus), the granary weevil, S. 
granarius (Linnaeus), the confused flour beetle, Tribolium 
confusum Jacquelin duVal, the maize weevil, £. zeamaiz 
(Motschulsky), and the lesser grain borer, Rhyzopertha dominica 
(Fabricius). Also a strain of T. castaneum (Herbst)(Kuala 
lumpur strain) showing malathion-specific resistance was found 
to be more susceptible to diflubenzuron than the "susceptible" 
strain. 
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The high degree of toxicity exhibited by diflubenzuron 
towards many destructive insects and its extremely low mam­
malian toxicity (Thompson-Hayward Chemical Co. Technical 
Bulletin, 197 6) indicates that the compound may be extensively 
used for insect control. A thorough evaluation of the environ­
mental fate of diflubenzuron is, therefore, of utmost impor­
tance. Studies by Metcalf et al. (1975) showed that difluben­
zuron was moderately stable in a model ecosystem, but the 
compound was not highly concentrated through food chains or 
by absorption from water. Diflubenzuron was not metabolized 
by the salt marsh caterpillar, Estigmene acrea, (Metcalf 
et al., 1975), the boll weevil, Anthonomous grandis, (Still 
and Leopold, 1975) or Pieris brassicae larvae (Verloop and 
Ferrell, 1977). Diflubenzuron was degraded only to a very 
limited extent by sheep liver microsomes (Metcalf et al., 
1975) but was extensively metabolized after oral administra­
tion to laboratory rats (Verloop and Ferrell, 1977). Ivie 
(1978) reported that the major metabolites of diflubenzuron 
excreted by the cow and sheep resulted from hydroxylation on 
the difluorobenzoyl and chlorophenyl rings and by the cleavage 
between the carbonyl and amide groups to give metabolites that 
were excreted either free or as conjugates. 
Abies et al. (1975) demonstrated that diflubenzuron con­
centrations of 10.0, 2.5 and 1.25 ppm AI produced over 90% 
mortality in intermediate to late stage larvae of the house fly; 
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diflubenzuron had no observable effects on the emergence of 
the parasitoid Muscidifurax raptor Girault and Sanders from 
parasitized pupae, nor the parasitoid's ability to parasitize 
its host. 
Abies et al. (1977) applied diflubenzuron on cotton plants 
and found no adverse effects on the beneficial arthropod popu­
lations. Their laboratory studies proved that the parasitic 
wasp Trichogramma pretiosum Riley, was not affected but diflu­
benzuron was detrimental to 2 species of predators, the con­
vergent lady beetle, Hippodamia convergens Guerin-Meneville, 
and a green lace wing, Chrysopa carnea Stephens. They also 
reported that feeding and topical application of 5 ppm of 
diflubenzuron reduced egg viability, larval survival, pupation 
and adult emergence in C. carnea, whereas topical sprays on 
H. convergens had similar effects, but both predatory species 
gradually recovered after treatments were terminated. 
Keever et al. (1977) concluded that with the exception of 
Geocoris punctipes (Say) the reduction of predator populations 
in a diflubenzuron treated cotton field vs untreated fields 
was not significant in contrast to the highly marked adverse 
effects of conventional insecticides upon the predator popula­
tions . 
Miura and Takahashi (1974b, 1975) reported that diflu­
benzuron was relatively safe on nontarget organisms associated 
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with mosquito breeding habitats (at rates used for mosquito 
control). 
Laboratory studies conducted by Granett and Weseloh (1975) 
showed that the toxicity of diflubenzuron to the immatures of 
the gypsy moth parasitoid, Apanteles melanoscelus (Ratzeburg), 
was low if treatment was properly timed. They concluded that 
the activity of diflubenzuron at lower rates, for a long period 
of time and its selectivity (with suitable timing) makes it a 
desirable candidate for gypsy moth control. They further sug­
gested that the compatibility of diflubenzuron and Apanteles 
melanoscelus is based on the reduced sensitivity of late para­
sitoid larvae to diflubenzuron and the noneffect of diflu­
benzuron on reproduction. 
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FIELD STUDIES 
Evaluation of Diflubenzuron Activity 
on the European Corn Borer 
First generation 
The objectives of this experiment were to determine if 
diflubenzuron is effective in the suppression of 1st 
generation European corn borers (ECB). If so, which formula­
tion is best, granules 2% or wettable powder 25%? What is the 
most effective rate and how many times the chemical should be 
applied to give an acceptable corn borer suppression? 
Methods and materials The experiment was designed as 
a split-split plot with the whole plots arranged in blocks and 
replicated 4 times. The whole plots were formulations of 
diflubenzuron, the sub-plots were rates of application and the 
sub-sub plots were the number of applications. Each sub-sub 
plot consisted of two treated rows of corn separated from 
adjacent plots by a guard row. Areas used for treatment 
evaluation were situated in the middle of each sub-sub plot 
and consisted of 2 rows each with 20 consecutive plants of 
corn. 
A single cross corn hybrid, A632 x H95, was planted by 
machine on May 20, 197 6. All plots were hand infested with 
black-heading ECB egg masses from a ECB colony that had been 
reared on a meridic diet for 3 generations. Plants to be 
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evaluated for ECB control received 8 egg masses (EM) (ca. 200 
eggs) per plant in 2 separate infestations of 4 EM each spaced 
one day apart. Infestations were initiated when the corn 
plants had an extended leaf height of ca. 87 cm (July 3 and 4, 
1976) . 
Diflubenzuron formulations (Granules 2% and wettable 
powder 25%) were applied at rates of 0.28, 0.56 and 1.12 kg 
Al/ha. All the diflubenzuron treatments were applied with a 
high clearance machine operated at a ground speed of 6.4 kmph. 
This machine was fitted with a hydraulic motor to drive cali­
brated metering devices for applying the granular formulation. 
Liquid formulation of diflubenzuron was applied through one 
flat fan nozzle (calibrated to deliver 93.5 liters per hectare) 
positioned over each of the two treated rows. Plots receiving 
a single application of diflubenzuron were treated on July 8, 
1976. Plots receiving 2 applications were treated on July 8, 
1976 and again on July 14, 1976. 
To determine the insecticidal effect, corn plants from 
all plots were dissected. The 1st dissection was initiated 
on July 20, 1976 and ended on July 26 (17 to 23 days after egg 
hatch). From each sub-subplot 10 corn plants were dissected 
and the larvae were placed in small vials containing 80% 
alcohol for further observations. The 2nd dissection was 
initiated on September 13, 1976 and ended Septebmer 17 (72 to 
76 days after egg hatch). 
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Cavity counts (cm damage in the stalk) were made on 
September 27, 1976 (86 days after egg hatch). The remaining 
20 plants in each sub-subplot were split in half from the 
tassel to the ground. Each 2.5 cm of larval tunneling was 
recorded as one cavity. 
Results and discussion A summary of the analyses of 
variance is presented in Table 1. The analyses are presented 
in a more complete form in Tables 30 through 34. 
Differences in formulations of diflubenzuron were signifi­
cant for larval counts during the 1st dissection period and for 
cavity counts, but were not significant for larval counts 
during the 2nd dissection period (Table 1). The rates of 
diflubenzuron yielded highly significant differences for all 
characters. Differences in number of applications of diflu­
benzuron were significant for only normal larvae during the 
1st dissection period. The interaction of formulations x 
number of applications (normal larvae) for the 1st dissection 
period was significant; all other interactions were not signifi­
cant . 
Diflubenzuron granules (2%) gave significantly fewer 
normal and abnormal larvae and less stalk damage than did the 
25% wettable powder formulation (Table 2); granular formulations 
of chemical and microbial insecticides have also given better 
control of the ECB than have wettable powders (Berry et al. 
1974; Lynch et al. 1977). Diflubenzuron at rates of 0.28, 0.56 
Table 1. Summary of analyses of variance of the effect of diflubenzuron on the 
Ist-generation ECB. Ankeny, Iowa, 1976 
First dissection Second dissection 
Normal 
larvae 
Abnormal 
larvae 
Normal 
larvae 
Abnormal 
larvae 
Mean number 
of cavities 
Formulation (F) ** * ns ns * 
Rate (R) ** ** * * ** ** 
F X  R ns ns ns ns ns 
Number of Applications (NA) * ns ns ns ns 
F X  NA * ns ns ns ns 
R X  NA ns ns ns ns ns 
F X  R X  NA ns ns ns ns ns 
ns = nonsignificant. 
• k  
significant at the 5 percent level of probability. 
** 
Significant at the 1 percent level of probability. 
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Table 2. Effect of diflubenzuron on the ECB (summed over 
rates and number of applications). Ankeny, Iowa, 
1976 
First dissection 
mean/10 plants 
Formulation Normal Abnormal Cavities^ 
larvae larvae 
Check 50.7 0.0 140.6 
Granules 2% 24.1 4.2 70.8 
Wettable powder 25% 41.9 5.8 84.7 
LSD 0.05 4.8 1.2 12.3 
0.01 6.6 
^ean cm of damage (/20 plants) in the stalk. 
and 1.12 kg Al/ha gave significantly fewer normal larvae and 
more abnormal larvae during the 1st and 2nd dissection periods 
and less stalk damage than did the untreated check plots (Table 
3). In general, the high rate of diflubenzuron (1.12 kg Al/ha) 
gave the best control of the ECB. Two applications of 
diflubenzuron gave significantly fewer larvae than did one 
application (Table 4). 
The interaction of formulations x number of applications 
(normal larvae, 1st dissection period) is presented in Figure 1. 
The granular formulation gave better control of the ECB than 
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Table 3. Effect of diflubenzuron on 
formulations and number of 
Iowa, 1976 
the ECB (summed 
applications). 
over 
Ankeny, 
Mean/lO plants 
First dissection Second dissection 
Rate 
Kg Al/ha 
Normal 
larvae 
Abnormal 
larvae 
Normal 
larvae 
Abnormal Cavities^ 
larvae 
Check 44.7 0.4 21.3 0.1 140.6 
0.28 29.4 5.1 8.8 5.1 78.9 
0.56 27.6 5.9 6.1 4.1 53.9 
1.12 20.2 8.1 3.4 5.6 38.1 
LSD 0.05 6.8 1.7 3.4 2.0 17.4 
LSD 0.01 9.0 2.4 4.6 2.7 23.7 
^Mean cm of damage (/20 plants) in the stalk. 
Table 4. Effect of diflubenzuron on ECB larvae (larval counts) 
from the Ist-dissection summed over formulations and 
rates. Ankeny, Iowa, 1976 
Number of application Mean number normal 
larvae/10 plants 
Check 54.7 
1 35.2 
2 30.9 
LSD 0.05 4.1 
Figure 1. Interaction of formulations of diflubenzuron x 
number of applications (summed over rates). 
Ankeny, Iowa, 1976 
28 
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did the wettable powder formulation; the interaction was 
significant because the granular formulation gave ca. the same 
control of corn borers for 1 and 2 applications of difluben-
zuron, whereas the wettable powder formulation gave better 
control with 2 applications of diflubenzuron than with 1 appli­
cation . 
Second generation 
Methods and materials The objectives, experimental 
design and procedures of the experiment were the same as 
discussed for the Ist-generation studies. The plots were 
planted by machine on May 20, 1976 and were infested with ECB 
egg masses (8 masses/plant in 2 applications of 4 masses each 
on July 28 and July 30) during the pollen shedding stage of 
plant development. 
Corn plots receiving a single application of diflubenzuron 
were treated on August 2 ; plots receiving 2 applications were 
treated on August 2 and August 7. 
The criterion used for evaluating effect of diflubenzuron 
on larval survival and development was number of normal and 
abnormal larvae recovered from corn plants. Ten plants from 
each sub-subplot were dissected on August 16 through August 26 
(ca. 19-29 days after egg hatch) and the larvae were placed in 
vials containing 80% alcohol for further observations. 
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Results and discussion The analyses of variance (Table 
5) showed significant differences between rates of difluben-
zuron for normal and abnormal larvae. Formulations (granules 
1% or granules 2% vs wettable powder 25%), number of applica­
tions of diflubenzuron (1 or 2) and all interactions were not 
significantly different. Complete analyses of variance are 
recorded in Tables 35 through 36. 
Diflubenzuron at rates of 0.28, 0.56 and 1.12 kg AI/ha 
gave significantly fewer normal larvae than did the untreated 
check plots, but the 3 rates were not significantly different 
from each other. The number of abnormal larvae collected from 
each plot was very low (Table 6). 
Table 5. Summary of the analyses of variance of the effect of 
diflubenzuron on the 2nd-generation ECB. Ankeny, 
Iowa, 1976 
Normal Abnormal 
larvae larvae 
Formulation (F) ns ns 
Rate (R) ** * 
F X  R ns ns 
Number of applications (NA) ns ns 
F X  NA ns ns 
R X  NA ns ns 
F X  R X  NA ns ns 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
* * 
Significant at the 1 percent level of probability. 
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Table 6. Effect of diflubenzuron on 2nd-generation corn borers 
(summed over formulations and number of applications) 
Ankeny, Iowa, 1976 
Mean/10 plants 
. Normal Abnormal 
(kg Al/ha) larvae larvae 
Check 195 .08 
0.28 158 .54 
0.56 145 .54 
1.12 134 .79 
LSD 0.05 
0.01 
23.9 
43.8 
0.5 
0 . 6  
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LABORATORY STUDIES 
Toxicity of Diflubenzuron Against 
the European Corn Borer 
Experiment I 
Preliminary (nonrandomized) bioassay tests (Experiments I, 
II and III) were conducted to determine what concentration of 
diflubenzuron should be used in future studies. 
Methods and materials This test was conducted to 
determine the effect of diflubenzuron on ECB larvae fed a 
meridic diet containing several concentrations of the chemical 
(topically applied to the diet). Dilutions of diflubenzuron 
(31.25, 62.5, 125, 250, 500 and 1000 ppm) were prepared in the 
laboratory as described by Harding and Dyar (1970). These 
dilutions were applied topically with an automatic pipette to 
5 ml of meridic diet in 30 ml plastic jelly cups at a rate of 
0.2 ml/cup. Rotating the cup distributed the dilution over 
the surface of the medium. The liquid was evaporated in a 
fume hood until dry, at which time 7-day-old laboratory-reared 
larvae (50 larvae/concentration) were placed in cups containing 
the treated diet (one larva per cup). Another set of 7-day-old 
larvae (50 larvae/concentration) were placed in cups containing 
the treated diet (5 larvae per cup) to test the effect of 
diflubenzuron on larvae when they were reared under crowded 
conditions. The cups were placed in an incubator operated at 
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27°C, 70-90% REî and continuous light. All insects were 
checked 1 week post-treatment for percent normal larvae, per­
cent dead larvae and percent morphologically abnormal larvae. 
The percent morphologically abnormal larvae were divided into 
categories which included: blackened larvae, larvae with 
ruptured cuticle, larvae that were trapped within their old 
exuviae, larvae with swollen bodies, small larvae and larvae 
which were sluggish, immobile and dying. The EC50 (larvae) 
was defined as the concentration that caused 50% larval 
mortality 1 week post-treatment. 
Results and discussion Larval mortality increased as 
the concentration of diflubenzuron increased from 31.25 to 
1000.00 ppm (Tables 7 and 8). Even the low concentration of 
diflubenzuron, however, caused high larval mortality. 
Rearing larvae (on diflubenzuron treated diet) under 
crowded conditions (5 larvae/cup vs 1 larva/cup) did not 
increase mortality. 
Experiment II 
As mentioned earlier in this dissertation diflubenzuron 
is an insect growth regulator with stomach activity. Diflu­
benzuron may show its effect in the next molt of larvae that 
ingest lethal amounts of the chemical. Insect larvae that 
ingest sub-lethal amounts of diflubenzuron, however, may 
exhibit latent effects, which may show up during the late 
Table 7. Toxicity of dlflubenzuron applied topically on the diet of ECB larvae (1 larva/cup) 1 
week post-treatment. Ankeny, Iowa, 1977 
% larval abnormalities^ 
Concentration % 
normal 
larvae 
% 
dead 
larvae 
Blackened With 
rupture 
cuticle 
Trapped 
within 
the old 
exuvium 
Failure to 
free abdomen 
from exuvium 
Swollen 
body 
Small 
size 
Sluggish 
Check 100 0 0 0 0 0 0 0 0 
31.25 ppm 25 30 10 10 0 5 5 10 5 
62.50 " 10 40 10 20 0 0 0 15 5 
125.00 " 15 45 15 5 0 0 5 10 5 
250.00 " 0 55 15 10 5 0 5 10 0 
500.00 " 0 60 15 5 5 0 0 10 5 
1000.00" 0 65 15 10 5 5 0 0 0 
^Based on the number of larvae used. 
Table 8. Toxicity of diflubenzuron applied topically to the diet of ECB larvae (5 larvae/cup) 1 
week post-treatment. Ankeny, Iowa, 1977 
% larval abnormalities^ 
Concentration % % Blackened With Trapped Failure to Swollen Small Sluggish 
normal dead ruptured within free abdomen body size 
larvae larvae cuticle the old from exuvium 
exuvium 
Check 95 5 0 0 0 0 0 0 0 
31.25 ppm 30 25 20 10 5 0 5 5 0 
62.50 " 15 25 15 15 10 5 5 5 5 
125.00 " 15 25 20 20 5 5 0 5 5 
250.00 " 15 35 15 10 5 5 5 5 5 
500.00 " 10 50 15 15 5 5 5 0 0 
1000.00 " 0 60 10 10 5 5 0 10 0 
^Based on the number of larvae used. 
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larval, pupal or adult stages. This test was conducted, there­
fore, to determine the effect of diflubenzuron on ECB pupae and 
adults (the chemical was applied topically to a meridic diet 
and corn borer larvae fed on the diet). 
Methods and materials Different dilutions (7.80, 15.60, 
31.25, 62.50, 125.00, 250.00 and 500.00 ppm) were prepared in 
the laboratory as described by Harding and Dyar (1970). Two 
controls were used (distilled water and distilled water plus 
acetone). Each cup of diet received 0.2 ml of each dilution. 
These dilutions were applied topically on the meridic diet and 
were allowed to dry before introducing the larvae. One-day-old 
larvae were placed on the treated diet (100 cups of diet per 
concentration, 1 larva/cup). The cups of diet containing 
larvae were placed in an incubator which was operated at 27°C, 
70-90% RH and constant light. These larvae were left on the 
diet until pupation; data were recorded as described in Experi­
ment I. The latent effect of diflubenzuron on adult emergence 
was determined. 
Results and discussion The EC50 was defined as the 
diflubenzuron concentration that caused 50% of the larvae that 
survived to pupation to look like morphologically normal pupae 
Larval, pupal and adult mortality increased with increased con­
centrations of diflubenzuron (Table 9). Diflubenzuron concen­
tration of 31.25 to 500.00 ppm caused high larval, pupal and adult 
Table 9. Toxicity of diflubenzuron topically applied on ECB larval diet (with 
pupation as a main criterion). Ankeny, Iowa, 1978 
Concentration 
% 
larval . 
mortality 
% 
normal 
pupae^ 
% 
deformed 
pupae^ 
% 
normal 
adult^c 
% 
deformed 
adult^c 
% 
dead or 
aborted 
emergence 
Distilled water 15 85 0 83 0 2 
Distilled water 
+ acetone 10 90 0 90 0 0 
7.80 ppm 20 75 5 45 15 20 
15.60 ppm 33 58 9 40 12 15 
31.25 ppm 76 16 8 14 8 2 
62.50 ppm 82 9 9 7 8 3 
125.00 ppm 85 10 5 6 6 3 
250.00 ppm 90 5 5 4 4 2 
500.00 ppm 94 0 6 4 2 0 
^Based on number of larvae initially used in the test. 
^Based on data recorded at pupation. 
Based on data recorded at emergence. 
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mortality; concentrations of 7.8 and 15.6 ppm caused some 
larval, pupal and adult mortality. 
Experiment III 
Methods and materials This test was conducted to 
determine the effect of diflubenzuron on corn borer larvae 
forced to ingest diflubenzuron (the chemical was incorporated 
into a meridic diet instead of topically applied as in Experi­
ments I and II). 
The desired concentrations were prepared by mixing 33.33 
mg of diflubenzuron with 5 ml of acetone, then distilled water 
was added into a 100 ml volumetric flask to give a concentra­
tion of 20 yg of active ingredient; 50 ml of this solution 
were added to 50 ml of distilled water to give a 10 yg con­
centration of diflubenzuron. This process was carried on 
serially to give concentrations of 0.625, 1.25, 2.5 and 5.0 yg/ 
ml; 15 ml of each of the 6 concentrations were added to 235 ml 
of diet in a malt cup and blended. Then 5 ml of this diet 
were poured into jelly cups (30 ml). Distilled water, and 
distilled water plus acetone, were used as controls (each was 
added to the diet, mixed, stirred and poured into the cups). 
First-instar larvae were placed on diet in the cups (50 larvae/ 
concentration of diflubenzuron, 1 larva/cup). The cups were 
placed in an incubator operating at a temperature of 27®C, 
70-90% RH and constant light. These larvae were left to feed 
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on the diet until pupation which was considered the criterion 
for determining the EC50. Criteria for determining the effect 
of diflubenzuron on the ECB were; (1) larval mortality, 
C2) normal and deformed pupae and (3) normal and deformed 
adults. 
Results and discussion Larval, pupal and adult mortal­
ity increased with increased concentrations of diflubenzuron 
(Table 10). The high concentrations of diflubenzuron (10 and 
20 yg/ml) caused extremely high larval, pupal and adult mortal­
ity (there was no adult emergence). The low concentration of 
diflubenzuron (0.625 yg/ml) caused little larval and pupal 
mortality but only 42% normal adults were recovered. All 
concentrations of the chemical caused a relatively high number 
of deformed pupae and adults. Diflubenzuron, therefore, has a 
long residual effect. 
These results agree with Flint et al. (1978) . These 
researchers incorporated diflubenzuron into larval diet of the 
pink boll worm; 1 to 10 ppm of the chemical prevented develop­
ment to adults. The severe effect on adult emergence was due, 
primarily, to the ingestion of sublethal amounts of diflu­
benzuron by the larvae. 
Experiment IV 
The ECB is an external feeder for the first 4 instars; 
some 4th and 5th instar larvae enter the corn stalk (Lewis 
Table 10. Toxicity of diflubenzuron incorporated in ECB larval diet (with pupation 
as a main criterion). Ankeny, Iowa, 1978 
Concentration 
% 
larval , 
mortality 
% 
normal 
pupae^ 
% 
deformed 
pupae^ 
% 
normal 
adult^c 
% 
deformed 
adult^c 
% 
dead or 
aborted 
emergence 
Distilled water 2 98 0 98 0 0 
Distilled water 
+ acetone 10 90 0 90 0 0 
0.625 yg/ml 2 86 12 42 30 26 
1.250 yg/ml 16 66 18 48 16 20 
2.500 yg/ml 28 56 16 46 16 10 
5.000 yg/ml 48 42 10 0 32 20 
10.000 yg/ml 94 4 2 0 0 6 
20.000 yg/ml 86 6 8 0 0 14 
^Based on number of larvae initially used in the test. 
^Based on data recorded at pupation. 
Based on data recorded at emergence. 
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et al., 1973). If diflubenzuron were applied in the field, 
the borer would lose contact with the compound between the 4th 
or early 5th instar and would complete development without 
again contacting the compound. This experiment was designed, 
therefore, to determine the larval stage (instar) most effected 
by diflubenzuron. 
Methods and materials A split-split plot design was 
used. Two concentrations of diflubenzuron (62.5 and 125.0 ppm) 
were on the whole plot area; 6 ages of larvae (1, 3, 5, 7, 9, 
11) were on the split-plot area; larvae transferred from 
treated diet to untreated diet vs larvae transferred from un­
treated diet to treated diet was on the split-split plot area. 
Corn borer diet was topically treated by adding 0.2 ml of 
the 2 concentrations of diflubenzuron to ca. 5 ml of diet in 
30 ml jelly cups. 
Corn borer larvae reared on a meridic diet usually require 
ca. 16 days to pupate (Guthrie et al., 1969). The larval age 
treatments, therefore, were as follows: 
Larvae reared on treated diet and then transferred to 
untreated diet (T-UT)-
1 Reared for 1 day on treated diet—reared for 15 days 
on untreated diet 
3 Reared for 3 days on treated diet—reared for 13 days 
on untreated diet 
5 Reared for 5 days on treated diet—reared for 11 days 
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on untreated diet 
7 Reared for 7 days on treated diet—reared for 9 days 
on untreated diet 
9 Reared for 9 days on treated diet—reared for 7 days 
on untreated diet 
11 Reared for 11 days on treated diet—reared for 5 days 
on untreated diet 
The number of surviving larvae was recorded after the 
larvae had fed on treated diet for 1, 3, 5, 7, 9 or 11 days. 
Larvae reared on untreated diet and then transferred to 
treated diet (UT-T)-
1 Reared for 1 day on untreated diet—reared for 15 days 
on treated diet 
3 Reared for 3 days on untreated diet—reared for 13 
days on treated diet 
5 Reared for 5 days on untreated diet—reared for 11 
days on treated diet 
7 Reared for 7 days on untreated diet—reared for 9 days 
on treated diet 
9 Reared for 9 days on untreated diet—reared for 7 days 
on treated diet 
11 Reared for 11 days on untreated diet—reared for 5 days 
on treated diet. 
The number of surviving larvae was recorded after the 
larvae were transferred from the untreated diet and had fed on 
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the treated diet for 1, 3, 5, 7, 9 or 11 days. 
In summary, the early larval instars were reared on the 
treated diet in the T-UT group and the later larval instars 
were reared on the treated diet in the UT-T group. All larvae 
were transferred with a small brush, larvae used as a check 
were transferred from untreated to untreated diet at 1, 3, 5, 
7, 9 and 11 days of age. 
Four replications were used (30 treatments/replication; 
25 larvae/treatment; 3000 larvae for the experiment). The 
jelly cups containing larvae were placed in an incubator 
operating at a temperature of 27°C, 70-90 RH and constant 
light. 
Data were collected on corn borer larvae, pupae and 
adults. 
Results and discussion Complete analysis of variance 
for Experiment IV is recorded in Appendix Tables 37 through 42. 
The main effects of diflubenzuron concentration, larval age, 
and order (larvae transferred from treated diet to untreated 
diet vs larvae transferred from untreated diet to treated diet) 
for number of normal larvae recovered were significant. The 
interaction of larval age x order was also significant; all 
other interactions were nonsignificant (Table 11). 
The analysis was based on the number of normal larvae 
recovered from every 25 larvae that were started on the diet. 
Table 11. Summary of analyses of variance of the overall effect of diflubenzuron 
on the European corn borer larvae. Ankeny, Iowa, 1977 
Normal 
larvae 
% 
survival 
to 
pupation 
% 
normal 
pupation 
% 
normal 
emergence 
Mean 
female 
weight 
Mean 
male 
weight 
Concentration (C) * ns ns ns ns ns 
Age (A) * * * ns ns ns ns 
C X  A ns ns ns ns ns * 
Order (0)^ * ns A *  ** * ** 
C X  0 ns * * ns * ns 
A X  0 * * ** ns ns ns ns 
C X  A X  0 ns ns ns ns ns ns 
^Larvae transferred from treated diet to untreated diet vs larvae transferred 
from untreated diet to treated diet. 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
* * 
Significant at the 1 percent level of probability. 
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Larval survival in the check treatments was very high (Table 
12). Both concentrations of diflubenzuron (62.5 and 125.0 ppm) 
caused high corn borer mortality. Larvae reared on a diet 
(treated with 62.5 and 125.0 ppm of diflubenzuron) for only 1 
and 3 days (lst-2nd instar larvae) had some mortality. 
Larvae reared on a treated diet for 5, 1, 9 and 11 days (3rd-
5th instar larvae) had high mortality. In general, larvae 
reared for 1, 3, 5 and 7 days on a treated diet and then 
transferred and reared for 15, 13, 11 and 9 days on an un­
treated diet survived as well as did larvae reared on an un­
treated diet for 1, 3, 5 and 7 days and then transferred and 
reared on a treated diet for 15, 13, 11 and 9 days (treatments 
T-UT vs treatments UT-T). However, mortality was higher for 
larvae reared on treated diet for 9 and 11 days and then 
transferred and reared on untreated diet for 7 and 5 days than 
was mortality for larvae reared on untreated diet for 9 and 11 
days and then transferred and reared on treated diet for 7 and 
5 days (treatments T-UT vs UT-T). 
Many larvae were abnormal (Figures 2-9). 
A t-test ("f'g Qg calc = 5.7; "t"g = 3.2) showed that 
the abnormal larvae (5th instar) weighed significantly less 
than did the normal larvae (Table 13). 
The main effect of larval age and the interaction of 
concentration x order and age x order for percentage larval 
Figure 2. Normal larva (left) vs abnormal larvae (blackened) 
Figure 3. Abnormal larvae (cuticle split) 

Figure 4. Normal larva (left) vs abnormal larva (ruptured 
cuticle) 
Figure 5. Abnormal larvae (unable to free their abdomen 
from the old exuvixim) 
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Figure 6. Abnormal larvae (belted:remanent exuviae) 
Figure 7. Normal larva (left) vs abnormal larvae (effect 
of diflubenzuron on larval growth) 
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Figure 8. Normal larva Cleft), normal pupa (right), half 
larva-half pupa (center) 
Figure 9. Normal larva (left) vs larval forms with patches 
of pupal like cuticle 
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Table 12. Effect of dlflubenzuron (62.5 and 125.0 ppm) on the European corn borer. Ankeny, Iowa, 
1977 
Number and percentage of normal larvae recovered 
62.5 ppm 125.0 ppm Check 
Larval 
age 
T--UT^ UT--T^ T--UT^ UT--T^ UT-
c 
-UT 
No. % No. % No. % No. % No, % LSD 0.05^ 
1 22.8 91.2 21.3 85.2 20.0 80.0 19.3 77.2 24,3 97.2 2.6 
3 19.5 78.0 16.8 67.2 18.5 74.0 13.8 55.2 24,0 96.0 4.0 
5 9.8 39.2 10,5 42.0 7.0 28.0 7,8 31.2 24.5 98.0 3.2 
7 7.0 28.0 8.0 32.0 5,5 22.0 7,3 29.2 24.3 97.2 2.2 
9 5.5 22.0 9.0 36.0 3,5 14.0 8,3 33,2 24.0 96.0 1.4 
11 5.3 21.2 11.3 45.2 1.5 6.0 10.8 43,2 23.8 95.2 2.8 
LSD 0.05® 4.0 3.1 2.4 2.3 1.3 
^Larvae were transferred from treated diet to untreated diet. 
^Larvae were transferred from untreated diet to treated diet. 
^Larvae were transferred from untreated diet to untreated diet. 
^Any two means between larval age for the same treatment. 
Any two means between treatments for the same larval age. 
Table 13. Weights of normal vs abnormal larvae and normal vs deformed pupae. 
Ankeny, Iowa, 1977 
Weight (mg) 
Treatments Normal Abnormal Normal Deformed 
larvae larvae. pupae pupae 
T-UT 62.5 ppm^ 118.2 52.4 102.8 60.2 
UT-T 62.5 ppm^ 97.2 61.0 119.8 66.6 
T-UT 125.o ppm^ 112.7 49.5 105.0 73.5 
UT-T 12 5.0 ppm^ 117.5 60.5 102. 6 64.2 
X 111.4 55.9 107.5 66.1 
Larvae were reared on a diet treated with 62.5 or 125.0 ppm of diflubenzuron 
for 1, 3, 5, 7, 9 and 11 days and then they were transferred to an untreated diet 
and were reared to the 5th instar or pupal stage of development (summed over the 
1, 3/ 5, 7, 9 and 11 day treatments). 
^Larvae were reared on an untreated diet for 1, 3, 5, 1, 9 and 11 days and 
then they were transferred and reared on a diet treated with 62.5 or 125.0 ppm of 
diflubenzuron to the 5th instar or pupal stage of development (summed over the 
1, 3, 5, 7, 9 and 11 day treatments). 
56 
survival to pupation were significant; the main effects of 
diflubenzuron concentration and order and all other inter­
actions were not significant (Table 11). 
Larval survival to pupation in the check treatments was 
very high (Table 14). Larval mortality to pupation was high 
for all diflubenzuron treatments. Larvae reared on a diet for 
1 day and then transferred and reared on an untreated diet for 
15 days had 57% survival at both concentrations of difluben­
zuron, whereas larvae reared on an untreated diet for 1 day and 
then transferred and reared on a treated diet for 15 days had 
20% survival at the 62.5 ppm concentration of diflubenzuron and 
10% survival at the 125.0 ppm concentration. High mortality 
occurred, therefore, when the larvae fed for only a short 
period of time on the treated diet. Larval mortality increased 
with an increase in larval feeding time on the treated diet. 
The main effect of order and the interaction of diflu-
benzuron concentration x order were significant for percent 
normal pupation (Table 11). The LSDs in Table 15 were high; 
only a few diflubenzuron treatments were significantly differ­
ent from the untreated check. Several pupae (originating from 
larvae reared on a diflubenzuron treated diet) were deformed 
(Figures 10-15). A t-test ("t"^ calc = 5.0; = 3-2) 
showed that the abnormal pupae weighed significantly less than 
did the normal pupae (Table 13). 
Figure 10. Normal pupa (left) vs deformed pupae with larval 
heads 
Figure 11. Normal pupa (left) vs deformed pupae with larval 
legs and head 
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Figure 12. Normal pupa (left) vs small pupa (effect of 
diflubenzuron) 
Figure 13. Abnormal belted larvae transform into deformed 
belted pupae 
6 0  
Figure 14. Normal pupa (left) vs deformed pupae (with areas 
of unsclerotized cuticle) 
Figure 15. Normal pupa (left) vs deformed pupae (with large 
areas of unsclerotized cuticle) 
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Table 14. Effect of diflubenzuron on the European corn borer (percent larval 
survival to pupation). Ankeny, Iowa, 1977 
Diflubenzuron 
Larval 
age 
62.5 ppm 125. 0 ppm Check 
LSD 0.05^ T-UT^ UT" -T^ T-UT^ UT--T^ UT--UT° 
1 57, .0 20. 0 57. 0 10. ,0 97. 0 15. 8 
3 48, .0 29. ,0 32. ,0 27. 0 97. 0 16. ,8 
5 28, .0 39. 0 17. ,0 16. ,0 93. 0 16, .5 
7 35. 0 50, .0 17, .0 42, .0 97, .0 21, .8 
9 24, .0 41. ,0 9. ,0 52. ,0 96, .0 16. 0 
11 20. 0 26. ,0 6. ,0 46. 0 93. 0 16. 6 
LSD 0.05® 16. 5 16. ,3 23. ,2 19. 0 5. 2 
^Larvae were transferred from treated diet to untreated diet, 
^Larvae were transferred from untreated diet to treated diet. 
^Larvae were transferred from untreated diet to untreated diet. 
^Any two means between larval age for the same treatment. 
®Any two means between treatments for the same larval age. 
Table 15. Effect of diflubenzuron on the European corn borer (percent normal 
pupation). Ankeny, Iowa, 1977 
Diflubenzuron 
Larval 
age 
62.5 ppm 125.0 ppm Check 
LSD 0.05^ T-UT^ UT-T^ T-UT^ UT-T^ UT-UT^ 
1 93.8 75.0 97.9 66.7 100.0 36.7 
3 98.1 89.1 100.0 85.6 98.0 6.6 
5 71.7 82.7 87.9 61.1 100.0 18.1 
7 88.7 68.9 94.4 52.8 100.0 24.1 
9 92.2 70.5 88.9 80.7 100.0 26.5 
11 83.9 85.7 90.0 62.3 100.0 29.6 
LSD 0.05® 14.7 18.1 31.3 40.2 — — — 
^Larvae were transferred from treated diet to untreated diet. 
^Larvae were transferred from untreated diet to treated diet. 
"^Larvae were transferred from untreated diet to untreated diet. 
^Any two means between larval age for the same treatment. 
®Any two means between treatments for the same larval age. 
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Most of the pupae emerged as adults but percentage normal 
adults was low in some of the diflubenzuron treatments (Tables 
11 and 16); several adults were deformed (Figures 16-21) . 
The LSDs for female and male pupal weights in Tables 17 
and 18 were high. In comparing pupal weights between larval 
age for the same treatment, however, some of the diflubenzuron 
treatments was less than was the untreated check. In general, 
female and male pupae originating from larvae reared 1, 3, 5, 
I, 9 and 11 days on untreated diet and then transferred and 
reared on diet treated with 125.0 ppm diflubenzuron for 15, 13, 
II, 9, 7 and 5 days, respectively, (Column 5, Tables 17 and 18) 
weighed less than did pupae in the check treatments and pupae 
in the other diflubenzuron treatments. 
Neal (1974) found that alfalfa weevil, Hypera postica 
(Gyllenhal), pupae (originating from larvae reared on alfalfa 
treated diflubenzuron) weighed less than untreated checks. 
Miller (1974) also reported reduced pupal weights for housefly 
larvae that ingested diflubenzuron. 
Conclusions European corn borer larvae reared in the 
laboratory under ideal conditions of food, temperature and 
humidity take ca. 16 days to pupate. Under these conditions 
larvae reared 1 and 3 days (lst-2nd instars) on a meridic diet 
treated with diflubenzuron had some mortality. Larvae reared 
for 5 or more days on a diet treated with diflubenzuron had 
Table 16. Effect of diflubenzuron (62.5 and 125.0 ppm) on the European corn borer 
(percent normal emergence). Ankeny, Iowa, 1977 
Diflubenzuron 
Larval 
age 
62.5 ppm 125.0 ppm Check 
T-UT^ G
 1 ^0
-
T-UT^ UT-T^ UT-UT^ LSD 0.05^ 
1 90.6 60.0 96.3 58.3 100.0 45.4 
3 91.4 65.8 92.6 55.7 98.0 35.4 
5 74.2 67.4 91.4 30.6 97.8 28.1 
7 84.2 55.9 70.8 27.1 97.0 44.0 
9 92.2 51.7 66.7 40.1 99.0 36.9 
11 80.4 58.4 45.0 45.8 100.0 50.1 
LSD 0.05® 16.1 52.4 49.5 50.4 5.2 
^Larvae were transferred from treated diet to untreated diet. 
^Larvae were transferred from untreated diet to treated diet. 
Larvae were transferred from untreated diet to untreated diet. 
^"Any two means between larval age for the same treatment. 
®Any two means between treatments for the same larval age. 
Figure 16. Abnormal moth emergence 
Figure 17. Abnormal moth emergence 
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Figure 18. Normal female moth (top left), normal male moth 
(top right). Larvae feeding on a meridic diet 
treated with diflubenzuron caused small sized 
moths (female bottom left, male bottom right) 
Figure 19. Normal female moth 
(folded wings) 
(top) vs deformed moths 
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Figure 20. Normal female moth (top left), normal male moth 
(top right). Deformed moths (broken and folded 
wings) 
Figure 21. Normal female moth (left) vs moths unable to 
emerge from pupal cases 
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Table 17. Effects of diflubenzuron on the European corn borer (mean female weight 
mg). Ankeny, Iowa, 1977 
Diflubenzuron 
Larval 
age 
62.5 ppm 125.0 ppm Check 
T-UT^ UT-T^ T-UT^ UT-T^ UT-UT^ LSD 0.05^ 
1 104.9 100.1 104.4 88.0 108,6 29.3 
3 114.2 94.8 112.0 85.8 114,2 14.3 
5 91.8 95.9 98. 3 89.0 117.0 17.8 
7 101.8 88.3 108.8 84.6 111.5 23.6 
9 95.0 91.8 101.0 81.4 116.7 22.9 
11 97.2 108.5 91.5 97.4 108.5 12.9 
LSD 0.05® 22.7 24.9 27.5 11.9 7.7 
^Larvae were transferred from treated to untreated diet. 
^Larvae were transferred from untreated diet to treated diet. 
^Larvae were transferred from untreated diet to untreated diet. 
^Any two means between larval age for the same treatment. 
®Any two means between treatments for the same larval age. 
Table 18. Effect of diflubenzuron on the European corn borer (mean male weight 
itig) . Ankeny, Iowa, 1977 
Diflubenzuron 
Larval 
age 
62.5 
T-UT^ 
ppm 
UT-T^ 
125.0 
T-UT^ 
ppm 
UT-T^ 
Check 
UT-UT° LSD 0.05^ 
1 77.3 61.2 80.4 79.8 80.8 17.2 
3 83.4 65.4 82.3 72.3 
rH 00 
7.9 
5 79.5 67.7 77.5 51.4 82.6 19.6 
7 73.6 63.7 76.1 56.9 80.5 17.7 
9 80.2 71.5 78.3 62.3 81.1 14.0 
11 64.0 72.3 76.2 72.8 79.0 12.1 
LSD 0.05® 15.8 18.1 11.1 19.9 5.9 
^Larvae were transferred from treated diet to untreated diet. 
^Larvae were transferred from untreated diet to treated diet. 
Larvae were transferred from untreated diet to untreated diet. 
^Any two means between larval age for the same treatment. 
^Any two means between treatments for the same larval age. 
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high mortality, i.e., diflubenzuron was effective against all 
larval instars that ingested the chemical for at least 5 days 
out of 15 days of larval life. 
Ovicidal Activity of Diflubenzuron on 
European Corn Borer Eggs 
Experiment V 
This experiment was conducted to determine what age of 
eggs should be treated with diflubenzuron, the length of time 
that eggs should be exposed to diflubenzuron and the concen­
tration of diflubenzuron needed to effectively control the ECB. 
Methods and materials The experiment was designed as a 
factorial experiment ^ ith 9 concentrations of diflubenzuron 
(plus two controls), 5 lengths of time for dipping the egg 
masses and 4 ages of egg masses. The 9 concentrations of 
diflubenzuron (1.95, 3.90, 7.80, 15.60, 31.25, 62.50, 125.00, 
250.00 and 500.00 ppm) were prepared in the laboratory by 
methods described by Harding and Dyar (1970). The 2 controls 
were egg masses dipped in distilled water plus acetone and no 
dipping of egg masses. Age of egg masses was 1, 2, 3 and 4 
days after oviposition. The method of egg production was 
reported by Guthrie et al. (1971). Virgin female moths were 
placed in oviposition cages and the moths oviposited on sheets 
of waxed paper placed on top of each cage. The waxed paper 
containing the egg masses was replaced with new paper each day. 
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at mid-night and at 8:00 a.m., to ensure that all eggs were 
laid in an interval of 8 hours. The 5 lengths of time for 
dipping the egg masses in diflubenzuron were; 1-2 seconds 
(quick dipping), 1.0, 2.5, 5,0 and 10.0 minutes. A total of 
20 egg masses/age interval was dipped in the different concen­
trations of diflubenzuron for different lengths of time (2 
replications were used). The egg masses were then placed in 
sterilized petri dishes and kept in an incubator maintained at 
27°C temperature, 70-90% RH and continuous light. The follow­
ing rating scale (similar to that reported by Lewis et al., 
1971) was used to estimate egg viability: 
1 = zero egg hatch 
2 = 25% egg hatch 
3 = 50% egg hatch 
4 = 75% egg hatch 
5 = 100% egg hatch 
Results and discussion The analysis of variance 
(Table 19) shows significant differences between age of corn 
borer egg masses (dipped in diflubenzuron 1, 2, 3 and 4 days 
after oviposition), between time intervals Cdipped in 
diflubenzuron for 1-2 seconds, 1.0, 2.5, 5.0 and 10.0 
minutes) and between concentrations (1.95, 3.90, 7.80, 15.60, 
31.25, 62.50, 125.00, 250.00, 500,00 ppm). The interactions of 
age x time interval (Table 19, Figure 22) and age x concentra­
tion (Table 19, Figure 23) were significant; all other 
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Table 19. Analysis of variance of the ovicidal effect of 
diflubenzuron on the ECB egg masses dipped into 
different concentrations for different time 
intervals. Ankeny, Iowa, 1978 
Source of 
variation 
Degrees of 
freedom 
Mean 
square F-value 
Rep 1 1340.5 14.4** 
Age (A) 3 2821.6 30.4** 
Time interval (T) 4 1120.8 12.1** 
A X T 12 243.7 2.6** 
Concentration (C) 10 41314.8 445.1** 
A X C 30 188.3 2.0** 
T X C 40 102.4 1.1 ns 
A X T X C 120 39.5 0.4 ns 
Error 219 92.8 
ns = nonsignificant. 
* *  
Significant at the 1 percent level of probability. 
interactions were not significant. 
Compared with 2 check treatments (no dipping and dipped in 
distilled water plus acetone), diflubenzuron had a tremendous 
effect on corn borer egg masses dipped at 1, 2, 3 and 4 days 
after oviposition (Table 20). Diflubenzuron had the most 
effect on egg masses dipped in the chemical 3 days after ovi­
position and the least effect on masses dipped in the chemical 
4 days after oviposition (near hatch). Hatchability of egg 
Figure 22. Percentage hatch of the ECB egg masses of differ­
ent ages dipped in diflubenzuron for different 
intervals of time. Ankeny, Iowa, 1978 
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Figure 23. Percentage hatch of the ECB egg masses of differ­
ent ages dipped in different concentrations of 
diflubenzuron. Ankeny, Iowa, 1978 
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masses dipped in diflubenzuron for 1 to 2 seconds to 10 minutes 
was low (Table 21). Hatchability of egg masses dipped in 1.95 
to 500.00 ppm of diflubenzuron was also low (Table 22). 
Conclusions The ovicidal study shows that diflubenzuron 
should give good control of the ECB in the field because it was 
effective in reducing hatchability of all ages of eggs that 
were exposed to the chemical for a very short period of time 
and at low chemical concentrations. 
Ascher and Moscowitz (1970) reported that ovicides with 
diverse mode of action may allow insects and mite embryos to 
reach maturity, and that death occurs shortly before eclosion, 
when the embryo is most vulnerable to stress. 
Table 20. The ovicidal effect of diflubenzuron on different 
ages of corn borer egg masses (summed over time 
intervals and concentrations). Ankeny, Iowa, 1978 
egg'LsLs * hatoh^ 
No dipping 95.0 
Distilled water + acetone 88.8 
1 day old 27.3 
2 days old 25.0 
3 days old 22.0 
4 days old 33.9 
LSD 0.05 2.9 
0.01 3.9 
^A total of 1466 egg masses were examined for each treat­
ment. 
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Table 21. The ovicidal effect of diflubenzuron on corn borer 
eggs (summed over age of egg masses and concentra-
tior of the chemical). Ankeny, Iowa, 1978 
Time interval % hatch^ 
No dipping 92.8 
Distilled water + acetone 87.2 
Quick (1-2 seconds) 33.2 
1.0 min. 27.2 
2.5 min. 25.5 
5.0 min. 25.1 
10.0 min. 24.4 
LSD 0.05 3.3 
0.01 4.3 
total of 1257 egg masses were examined for each treat­
ment. 
Chemosterilization of European Corn Borer Adults 
by Diflubenzuron (Topically Applied 
on the Larval Diet) 
Experiment VI 
Diflubenzuron is a chemosterilizing agent of some insects 
(Elings and Dieperink, 1974; Taft and Hopkins, 1975; Moore and 
Taft, 1975; Oliver et al., 1977; Mitlin et al., 1977; Verloop 
and Ferrell, 1977; Moore et al., 1978; and Ivie and Wright, 
1978). 
Female and male European corn borer moths have been 
sterilized by rearing larvae on diet treated (topically 
applied) with tepa and apholate (Harding, 1967) and by dipping 
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Table 22. The ovicidal effect of diflubenzuron on corn borer 
eggs (summed over age of egg masses and length of 
time eggs were dipped). Ankeny, Iowa, 1978 
Concentration % hatch 
No dipping (check) 93.6 
Distilled water + acetone (check) 87.8 
1.95 ppm 28.1 
3.90 ppm 21.7 
7.80 ppm 13.3 
15.60 ppm 12.0 
31.25 ppm 10.2 
62.50 ppm 8.4 
125.00 ppm 7.8 
250.00 ppm 8.2 
500.00 ppm 6.9 
LSD 0. 05 4.4 
0. 01 5.8 
total of 800 egg masses were examined for each con­
centration. 
adults in an aqueous solution of metepa (Jackson and Brindley, 
1971). Experiment VI was conducted to determine if diflu-
benzuron has a chemosterilizing effect on the ECB. 
Methods and materials A split-split plot design was 
used. Two concentrations of diflubenzuron (7.8 and 15.6 ppm) 
were on the whole plot area; these 2 concentrations were used 
because research in Experiment II showed that concentrations 
of 7.8 and 15.6 ppm should give some normal moths for egg 
production, viability of eggs from the normal moths, however. 
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may be reduced. Six ages of larvae (1, 3, 5, 7, 9 and 11 
days) were on the split plot area. Pairs of moths (1, 2, 3, 
4, 5, 6 and 7) were on the split-split plot area. 
Corn borer diet was topically treated by adding 0.2 ml of 
the 7.8 and 15.6 ppm concentrations of diflubenzuron to ca. 
5 ml of diet in 30 ml jelly cups. Larvae were reared on 
treated diet for 1, 3, 5, 7, 9 and 11 days and then they were 
transferred to untreated diet with a small brush and continued 
to develop to pupation. Another group of larvae were reared 
on untreated diet for 1, 3, 5, 7, 9 and 11 days and then they 
were transferred to treated diet with a small brush and con­
tinued to develop to pupation. Larvae used as a check were 
transferred from untreated diet to untreated diet to determine 
the effect of handling. Four replications were used (30 
treatments/replication; 50 larvae/treatment = 600 0 larvae for 
the experiment). The jelly cups containing larvae were placed 
in an incubator operating at a temperature of 27°C, 70-90% RH 
and continuous light. 
In order to determine the effect of diflubenzuron on egg 
hatch, the following matings of corn borer moths were made: 
Moths originating from larvae reared on an untreated 
diet (UT) 
Pair 1 = UT female x UT male 
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Moths originating from larvae reared on a diet treated 
(T) with 7.8 and 15.6 ppm diflubenzuron; the larvae 
were reared on the treated diet for 1, 3, 5, 7, 9 and 
11 days and then they were transferred to untreated 
diet (UT) and continued their development. Larvae 
reared on a meridic diet require an average of 16 days 
to pupate (Guthrie et al., 19 69). Larvae reared on a 
treated diet for 1, 3, 5, 1, 9 and 11 days, and then 
transferred to an untreated diet, were therefore, reared 
on the untreated diet for ca. 15, 13, 11, 9, 7 and 5 
days, respectively. 
Pair 2 = T-UT female x T-UT male 
Pair 3 = T-UT female x UT male 
Pair 4 = T-UT male x UT female 
Moths originating from larvae reared on an untreated (UT) 
diet for 1, 3, 5, 7, 9 and 11 days; the larvae were 
then transferred to a diet treated (T) with 7.8 and 
15.6 ppm diflubenzuron and continued their development 
for 15, 13, 11, 9, 7 and 5 days, respectively. 
Pair 5 = UT-T female x UT-T male 
Pair 6 = UT-T female x UT male 
Pair 7 = UT-T male x UT female 
Approximately 20 pairs of moths of each of the above 
crosses were placed in small circular cages (1 pair/cage). 
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Waxed paper was placed on top of each cage for oviposition. 
The waxed paper was exchanged each day and the egg masses were 
incubated at a temperature of 27®C, 75-90% RH and constant 
light. 
Hatchability of egg masses was determined a week later. 
A rating scale similar to that reported by Lewis et al. (.1971) 
was used: (1) egg masses with 0% hatch, (2) egg masses with 
1-50% hatch, (3) egg masses with 51-99% hatch, C4) egg masses 
with 100% hatch, (5) % egg masses that embryonated [blackhead 
stage) without hatching and (6) % egg masses that were sterile. 
Results and discussion The main effect of difluben-
zuron concentration (7.8 vs 15.6 ppm) was not significant 
(Table 23). The main effect of larval age was significant for 
percentage of egg masses with 100% hatch and percentage of 
egg masses that was sterile. The main effect of moth pairs 
was significant for percentage of egg masses with 0% hatch, 
percentage of egg masses with 100% hatch, percentage of egg 
masses that embryonated without hatching and percentage of 
egg masses that was sterile (Table 23)„ The diflubenzuron 
concentration x moth pair interaction was significant for per­
centage of egg masses with 1-50% hatch and for percentage of 
egg masses that embryonated without hatching. The larval age 
X moth pair interaction was significant for percentage of 
egg masses with 0% hatch, percentage of egg masses with 
Table 23. Summary of 
of the ECB. 
analyses 
Ankeny, 
of variance; chemosterilization (by diflubenzuron) 
Iowa, 1978 
0% 
hatch 
1-50% 
hatch 
51-99% 
hatch 
100% 
hatch 
% 
erabryonated 
% 
sterile 
Concentration (C) ns ns ns ns ns ns 
Age (A) ns ns ns ** ns * * 
C X A ns ns ns ns ns ns 
Pair (P) * ns ns ** * * 
C X P ns * ns ns * ns 
A X P * ** ns ns * ns 
C X A X P ns * ns ns ns ns 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
** 
Significant at the 1 percent level of probability. 
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1-50% hatch and for percentage of egg masses that embryonated 
without hatching (Table 23). See Tables 43-48 for ANOVA. 
The data in Tables 24-29 were averaged over the 2 concen­
trations of diflubenzuron (7.8 and 15.6 ppm) because the 
analysis of variance showed no significant differences between 
concentrations. 
The 6 pairs of moths originating from larvae reared on a 
meridic diet treated with diflubenzuron had a significantly 
higher percentage of egg masses with 0% hatch than did moth 
pairs originating from larvae reared on untreated diet (Table 
24; moth pairs 2, 3, 4, 5, 6 and 7 vs 1). Both females and 
males of moth pairs 2 and 5 originated from larvae reared on a 
diet treated with diflubenzuron. Only females of moth pairs 
3 and 6 originated from larvae reared on treated diet; male 
moths originated from larvae reared on untreated diet. Only 
males of moth pairs 4 and 7 originated from larvae reared on 
treated diet; female moths originated from larvae reared on 
untreated diet. In general the 6 pairs of moths (pairs 2, 3, 
4, 5, 6 and 7) did not differ significantly for percentage of 
egg masses with 0% hatch, i.e. only one sex of a pair 
(originating from larvae reared on diet treated with diflu-
benzuron) was sufficient to cause loss in hatchability (Table 
24, LSD 0.05 any two means between moth pair for the same 
larval age). In general, the LSD 0.05 for any two means 
Table 24. Percentage of EC6 egg masses with 0% hatch due to chemosterilization 
by diflubenzuron (averaged over concentrations of 7.8 and 15.6 ppm). 
Ankeny, Iowa, 1978 
Larval age Moth pair LSD 0.05^ 
1 0 15.3 31.3 15.3 23.0 22.6 16.0 12.5 
3 0 21.6 25.5 11.5 17.8 23.5 16.4 10.2 
5 0 26.9 18.8 14.1 14.8 19.5 18.9 11.3 
7 0 13.0 14.9 25.5 17.6 24.6 15.5 11.8 
9 0 21.3 19.6 21.5 21.5 23.9 16.1 11.2 
11 0 15.3 19.8 25.3 11.8 26.1 19.6 14.0 
LSD 0.05^ 15.0 14.4 11.1 10.2 13.0 12.6 
1 = untreated (UT) female x untreated (UT) male 
2 = treated (T) - untreated (UT) female x treated (T) - untreated (UT) male 
3 = T-UT female x UT male 
4 = T-UT male x UT female 
5 = UT-T female x UT-T male 
6 = UT-T female x UT male 
7 = UT-T male x UT female. 
^Any two means between moth pair for the same larval age. 
Any two means between larval age for the same moth pair. 
Table 25. Percentage ol: ECB egg masses with 100% hatch due to chemosterilization 
by diflubenzviron (averaged over concentrations of 7.8 and 15.6 ppm) . 
Ankeny, Iowa, 1978 
Larval age Moth pair LSD 0.05^ 
1 77.5 8.6 5.4 13.0 17.1 18.1 19.6 12.8 
3 88.5 13.2 5.4 19.4 15.3 19.5 26.8 12.0 
5 89.3 18.0 12.5 27.9 31.4 23.4 31.5 13.4 
7 93.8 7.0 21.1 21.6 24.5 15.8 20.4 10.3 
9 79.3 8.8 19.3 13.3 11.4 13.0 13.1 15.8 
11 84.5 23.0 11.5 23.4 23.0 24.4 21.9 14.5 
LSD 0.05^ 11.4 16.4 10.0 13.0 14.2 13.2 13.5 
1 = untreated (UT) female x untreated (UT) male 
2 = treated (T) - untreated (UT) female x treated (T) - untreated (UT) male 
3 = T-UT female x UT male 
4 = T-UT male x UT female 
5 = UT-T female x UT-T male 
6 = UT-T female x UT male 
7 = UT-T male x UT female. 
^Any two means between moth pair for the same larval age. 
Any two means between larval age for the same moth pair. 
Table 26. Percentage of ECB egg masses that embryonated without hatching due to 
chemosterilization by diflubenzuron (averaged over concentrations of 7.8 
and 15.6 ppm). Ankeny, Iowa, 1978 
Larval age Moth pair LSD 0.05^ 
1 0 12.8 20.5 13.8 14.3 12.1 7.0 8.5 
3 0 18.5 13.8 24.0 12.4 14.0 6.8 8.6 
5 0 17.4 10.9 15.1 8.8 13.6 10.6 10.1 
7 0 19.3 10.4 9.4 11.6 20.1 10.0 10.5 
9 0 5.9 16.9 16.5 15.6 17.3 11.4 9.1 
11 0 14.9 11.3 7.0 11.3 17.5 13.5 10.8 
0.05^ 14.1 9.5 8.3 8.6 11.4 9.6 
1 = untreated (UT) female x untreated (UT) male 
2 = treated (T) - untreated (UT) female x treated (T) - untreated (UT) male 
3 = T-UT female x UT male 
4 = T-UT male x UT female 
5 = UT-T female x UT-T male 
6 = UT-T female x UT male 
7 = UT-T male x UT female. 
^Any two means between moth pair for the same larval age. 
^Any two means between larval age for the same moth pair. 
Table 27. Percentage of sterile ECB egg masses due to the chemosterilization by 
diflubenzuron (averaged over concentrations of 7.8 and 15,6 ppm). 
Ankeny, Iowa, 1978 
Larval age —— Moth pair LSD 0.05^ 
1 0 30.0 40.6 35.9 35.3 30.0 37.6 16.2 
3 0 35.1 48.8 23.9 33.5 30.0 41.5 17.2 
5 0 25. 6 33.4 20.5 29.6 27.6 23.4 12.6 
7 0 39.9 33.9 32.6 22.8 32.6 34.9 16.8 
9 0 52.4 41.5 31.4 33.0 35.9 43.9 17.8 
11 0 36.8 43.4 26.5 31.5 21.6 29.6 17.5 
LSD 0.05^ 20. 5 20.2 18.2 15.1 17.8 13.6 
^1 = untreated (UT) female x untreated (UT) male 
2 = treated (T) - untreated (UT) female x treated (T) - untreated (UT) male 
3 = T-UT female x UT male 
4 = T-UT male x UT female 
5 = UT-T female x UT-T male 
6 = UT-T female x UT male 
7 = UT-T male x UT female. 
^Any two means between moth pair for the same larval age. 
^Any two means between larval age for the same moth pair. 
Table 28. Percentage of ECB egg masses with l*-50% hatch due to chemosterilization 
by diflubenzuron (averaged over concentrations of 7.8 and 15.6 ppm). 
Ankeny, Iowa, 1978 
Larval age Moth pair^ 
1 1.0 14.6 1.5 7.0 8.0 8.1 11.5 
3 1.8 6.3 0.6 7.1 8.9 6.9 0.8 
5 1.0 1.9 13.5 8.4 7.5 3.1 6.6 
7 1.8 12.0 7.8 4.4 6.8 2.6 6.8 
9 3.5 6.0 2.8 8.8 7.8 3.0 9.4 
11 1.3 1.9 3.9 6.3 12.1 3.6 0.6 
^1 = untreated (UT) female x untreated (UT) male 
2 = treated (T) - untreated (UT) female x treated (T) - untreated (UT) male 
3 = T-UT female x UT male 
4 = T-UT male x UT female 
5 = UT-T female x UT-T male 
6 = UT-T female x UT male 
7 = UT-T male x UT female. 
Table 29. Percentage of ECB egg masses with 51-99% hatch due to chemosterilization 
by diflubenzuron (averaged over concentrations of 7.8 and 15.6 ppm). 
Ankeny, Iowa, 1978 
Larval age Moth pair* 
1 21.5 
CO 00 rH 
0.8 15.1 2.4 9.0 8.3 
3 9.8 5.3 6.0 14.1 12.3 6.1 7.9 
5 9.8 10.3 11.3 14.1 8.1 12.8 9.0 
7 4.5 8.9 12.0 6.5 16.8 4.3 12.5 
9 17.3 5.8 0.0 8.6 10.8 7.0 6.1 
11 14.3 8.3 10.3 11.6 10.4 6.8 14.8 
= untreated (UT) female x untreated (UT) male 
2 = treated (T) - untreated (UT) female x treated (T) - untreated (UT) male 
3 = T-UT female x UT male 
4 = T-UT male x UT female 
5 = UT-T female x UT-T male 
6 = UT-T female x UT male 
7 = UT-T male x UT female. 
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between larval age for the same moth pair showed no signifi­
cant difference between moth pairs originating from larvae 
reared for 1, 3, 5, 7, 9 or 11 days on a diet treated with 
diflubenzuron (Table 24), i.e., rearing larvae on treated 
diet for only 1 day was as effective in reducing the sub­
sequent egg hatch from the resulting adults as was rearing 
larvae on treated diet for 3, 5, 7, 9 or 11 days. 
Moth pairs originating from larvae reared on untreated 
diet (1) had a high percentage of egg masses with 100% hatch 
(Table 25), whereas moth pairs (2, 3, 4, 5, 6 and 7) origi­
nating from larvae reared on diet treated with diflubenzuron 
had a low percentage of egg masses with 100% hatch. In general, 
moth pairs originating from larvae reared on diet treated with 
diflubenzuron (2, 3, 4, 5, 6 and 7) did not differ in per­
centage of egg masses with 100% hatch, although moth pair 3 
had a lower percentage of masses with 100% hatch than did some 
of the other moth pairs (LSD 0.05 any two means between moth 
pair for the same larval age). In general, larvae reared on 
treated diet for only 1 day was as effective in reducing egg 
hatch from adults as was larvae reared on treated diet for 3, 
5, 7, 9 or 11 days (LSD 0.05 any two means between larval age 
for the same moth pair). 
Moth pairs originating from larvae reared on untreated 
diet (1) had no egg masses that had embryonated without hatch­
ing (Table 26) and had no sterile egg masses (Table 27), 
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whereas in general, moth pairs (2, 3, 4, 5, 6 and 7) origi­
nating from larvae reared on diet treated with diflubenzuron 
had a relatively high percentage of egg masses that embryonated 
without hatching or were sterile. In general, moth pairs origi­
nating from larvae reared on diet treated with diflubenzuron 
did not differ in percentage of egg masses that embryonated 
without hatching or in percentage of sterile egg masses 
(Tables 26 and 27, LSD 0.05 any two means between moth pair 
for the same larval age). In general, larvae reared on treated 
diet for only 1 day was as effective in causing egg masses to 
embryonate without hatching and in causing sterile egg masses 
as was larvae reared on treated diet for 3, 5, 7, 9 or 11 
days (Tables 26 and 27, LSD 0.05 any two means between larval 
age for the same moth pair). 
There were no significant differences between any of the 
moth pairs (1, 2, 3, 4, 5, 6 and 7) for percentage of egg 
masses with 1 to 50% hatch and 51 to 99% hatch (Tables 28 and 
29) . 
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CONCLUSIONS 
Laboratory studies showed that diflubenzuron was effec­
tive in reducing hatchability of European corn borer eggs and 
causing high mortality of corn borer larvae, pupae and adults. 
Field studies showed that diflubenzuron gave significantly 
fewer larvae and less stalk damage than did the untreated 
check plots in both 1st- and 2nd-generation corn borers. 
More information is needed, however, before this chemical can 
be used as one component in the management of this species. 
At present diflubenzuron is too expensive to be of practical 
value for farmer's use. 
98 
LITERATURE CITED 
Abid, M. K., A. Ghobrial, H. S. Elhaideri, and S. A. Abbs. 
1978. Dimilin (TH 6040): Effects on the spiny bollworm, 
Earias insulana (Boisd.) (Lepid.:Phalaenidae). Z. Angew. 
Entomol. 85:321-4 (Eng). 
Abies, J. R., S. L. Jones, and M. J. Bee. 1977. Effect of 
diflubenzuron on beneficial arthropods associated with 
cotton. Southwest. Entomol. 2:66-72. 
Abies, J. R., R. P. West, and M. Shepard. 1975. Response of 
the house fly and its parasitoid to Dimilin (TH 6040). 
J. Econ. Entomol. 68:622-24. 
Ali, A., and M. S. Mulla. 1977. The ICR diflubenzuron and 
organophosphorous insecticides against nuisance midges 
in man-made residential-recreational lakes. J. Econ. 
Entomol. 70:571-77. 
Anon. ca. 1975. TH 6040 insect growth regulator. Technical 
Information. Thompson Hayward Chemical Company, Kansas 
City, Kans. 25 pp. 
Anon. 1976. Dimilin Forest Insect Control Technical Bulletin 
DCI 1/5M/6-76/A. Thompson-Hayward Chemical Company, 
Kansas City, Kans. 
Ascher, K. R. S., and J. Moscowitz. 1970. The ovicidal 
effect of chlorphenamidine (Fundal) and of chlorphenamidine-
formetanate (Fundal forte) in the Egyptian cotton leafworm, 
Spodoptera littoralis Boisd. Z. Angew. Entomol. 67:34-38. 
Ascher, K. R. S., and N. E. Nemny. 1974. The ovicidal effect 
of PH 60-40 (1-(4-chlorophenyl)-3-(2,6-difluorobenzoyl)-
urea) in Soodoptera littoralis Boisd. Phytoparasitica 
2:131-33. 
Ascher, K. R. S., and N. E. Nemny. 1976a. Contact activity 
of diflubenzuron against Spodoptera littoralis larvae. 
Pestic. Sci. 7:447-52. 
Ascher, K. R. S., and N. E. Nemny. 1976b. Toxicity of the 
chitin synthesis inhibitors, diflubenzuron and its 
dichloro-analogue, to Spodoptera littoralis larvae. 
Pestic. Sci. 7:1-9. 
Barker, R. W., and R. L. Jones. 1976. Inhibition of larval 
horn fly development in the manure of bovine fed Dimilin 
mineral blocks. J. Econ. Entomol. 69:441-43. 
99 
Barker, R. W., and G. L. Newton. 1976. Dimilin: Evaluation 
as a livestock, dietary feed additive for control of Muse a 
domestica L. Larvae in cattle waste. J. Ga. Entomol. 
Soc. 11:71-75. 
Berry, E. C., J. F. Robinson, W. G. Lovely, and G. M. McWhorter. 
1974. European corn borer: Field trials with insecti­
cides. Proc. North Cent. Branch. Entomol. Soc. Am. 29: 
128-31. 
Bhatnagar-Thomas, P. L. 1973. Control of insect stored grains 
using a juvenile hormone analogue. J. Econ. Entomol. 66: 
277-78. 
Bowers, W. S. 1971. Insect hormones and their derivatives as 
insecticides. Bull. Wld. Hlth. Org. 44:381-89. 
Campbell, J. B., and J. E. Wright. 1976. Field evaluation of 
insect growth regulators, insecticides, and a bacterial 
agent for stable fly control in feedlot breeding areas. 
J. Econ. Entomol. 69:566-68. 
Carter, S. W. 1975. Laboratory evaluation of three novel 
insecticides inhibiting cuticle formation against some 
susceptible and resistant stored products beetles. 
J. Stored Prod. Res. 11:187-93. 
Corley, C., R. W. Miller, and K. R. Hill. 1974. Determination 
of N-(4-chlorophenyl)-N'-(2,6-difluorobenzoyl)-urea in 
milk by high-speed liquid chromatography. J. of the AOAC 
57:1269-71. 
Davich, T. B., and D. A. Lindquist. 1962. Exploratory studies 
on gamma irradiation for the sterilization of the boll 
weevil. J. Econ. Entomol. 55:164-67. 
Earle, N. W., L. A. Simmons, S. S. Nilakhe, E. J. Villavaso, 
G. H. McKibben, and P. Sikorowski. 1978. Pheromone 
production and sterility of boll weevil: Effects of acute 
and fractionated gamma irradiation. J. Econ. Entomol. 
71:591-95. 
Elings, H., and J. G. Dieperink. 1974. Practical experiences 
with the experimental insecticide PH 6040. Proc. 26th 
Int. Symp. Crop Prot. Mededelingen Faculteit Landbouw-
wetenschappen 39 (2):833-46. 
Fast, P. G. 1976. Application of Dimilin effectively controls 
forest tent caterpillar populations and foliage protection. 
Bi.-Mon. Res. Notes-Can. For. Serv. 32:26-27. 
100 
Flint, H. M., and R. L. Smith. 1977. Laboratory evaluation 
of TH 6040 against the pink bollworm. J. Econ. Entomol. 
70:51-53. 
Flint, H. M., N. Earle, J. Eaton, and W. Klassen. 1973. 
Chemosterilization of the female boll weevil. J. Econ. 
Entomol. 66:47-53. 
Flint, H. M., R. L. Smith, J. M. Noble, D. Shaw, A. B. DeMilo, 
and F. Khalil. 1978. Laboratory tests of diflubenzuron 
and four analogues against the pink bollworm and a field 
cage test with diflubenzuron and EL-494 for control of the 
pink bollworm and cotton leafperforator. J. Econ. 
Entomol. 71:616-19. 
Fogal, W. H. 1977. Effect of phenyl-benzoyl urea l-(4-
chlorophenyl)-3-(2,6-difluorobenzoyl)-urea by Diprion 
similis (Hymenoptera:Diprionidae). Can. Entomol. 109: 
981-86. 
Ganyard, M. C., J. R. Bradley, Jr., and J. R. Brazzel. 1978. 
Wide-area field test of diflubenzuron for control of an 
indigenous boll weevil population. J. Econ. Entomol. 
71:785-88. 
Ganyard, M. C., J. R. Bradley, Jr., F. J. Boyd, and J. R. 
Brazzel. 1977. Field evaluation of diflubenzuron 
(Dimilin) for control of boll weevil reproduction. 
J. Econ. Entomol. 70:347-50. 
Georghiou, G. P., and C. S. Lin. 1975. Investigations on 
the mode of action of Dimilin (TH 6040) against 
mosquitoes. Proc. 43rd Ann. Conf. Calif. Mosq. Assoc. 
43:84. 
Georghiou, G. P., V. Ariaratnam, M. E. Pasternak, and C. S. 
Lin. 1975. Organophosphorous multiresistance in Culex 
pipiens quinque-fasciatus in California. J. Econ. 
Entomol. 68:461-67. 
Gillette, N. L., J. L. Robertson, and R. L. Lyon. 1978. 
Bioassays of TH 6038 and difluron applied to western 
spruce budworm and douglas-fir tussock moth. J. Econ. 
Entomol. 71:319-22. 
Granett, J., and D. M. Dunbar. 1975. TH 6040: Laboratory 
and field trials for control of gypsy moths. J. Econ. 
Entomol. 68:99-102. 
101 
Granett, J., and R. M. Weseloh. 1975. Dimilin toxicity to 
the gypsy moth larval parasitoid, Apanteles melanoscelus. 
J. Econ. Entomol. 68:577-80. 
Granett, J., D. M. Dunbar, and R. M. Weseloh. 1976. Gypsy 
moth control with Dimilin spray timed to minimize effects 
of the parasite Apanteles melanoscelus. J. Econ. 
Entomol. 69:403-4. 
Granett, J., R. M. Weseloh, and D. M. Dunbar. 1975. Dimilin 
toxicity to Apanteles melanoscelus (Ratzerburg) 
(Hymenoptera:Braconidae) and effects on field populations. 
J.N.Y. Entomol. Soc. 83:242. 
Guthrie, W. D., J. L. Huggans, and S. M. Chatterji. 1969. 
Influence of corn pollen on the survival and development 
of second-brood larvae of the European corn borer. Iowa 
State J. Sci. 44:185-192. 
Guthrie, W. D., W. A. Russell, and C. W. Jennings. 1971. 
Resistance of maize to second-brood European corn borers. 
Proc. Ann. Corn-sorghum Res. Conf. 26:65-79. 
Harding, A. J. 1967. Chemosterilization of male European 
corn borers by feeding of Tepa and Apholate to larvae. 
J. Econ. Entomol. 60:1631-32. 
Harding, J. A., and R. C. Dyar. 1970. Resistance induced in 
European corn borers in the laboratory by exposing 
successive generations to DDT, Diazinon or carbaryl. 
J. Econ. Entomol. 63:250-253. 
Hopkins, D. E-, and W. F. Chamberlain. 1976. Diflubenzuron: 
Relation between age of exposed immature horn flies and 
inhibition of maturation. Southwest. Entomol. 1:114-17. 
Hsieh, M. YG., and C. D. Steelman. 1974. Susceptibility of 
selected mosquito species to five chemicals which inhibit 
insect development. Mosq. News 34:278-8 2. 
Ivie, G. W. 1978. Fate of diflubenzuron in cattle and sheep. 
J. Agric. Food Chem. 26:81-9. 
Ivie, G. W., and J. E. Wright. 1978. Fate of diflubenzuron 
in the stable fly and house fly. J. Agric. Food Chem. 
26:90-4. 
Jackson, R. D., and T. A. Brindley. 1971. Hempa and Metepa 
as chemosterilants of imagos of the European corn borer. 
J. Econ. Entomol. 64:1065-68. 
102 
Jakob, W. L. 1973. Developmental inhibition of mosquitoes 
and the house fly by urea analogues. J. Med. Entomol. 
10:452-55. 
Jakob, W. L., and H. F. Schoof. 1972. Studies with juvenile 
hormone-type compounds against mosquito larvae. Mosq. 
News 31:540-43. 
Keever, D. W., J. R. Bradley, Jr., and M. C. Ganyard. 1977. 
Effects of diflubenzuron (Dimilin) on selected beneficial 
arthropods in cotton fields. Environ. Entomol. 6:732-36. 
Klassen, W., and N. W. Earle. 1970. Permanent sterility 
induced in boll weevils with busulfan without reducing 
production of pheromone. J. Econ. Entomol. 63:1195-8. 
Kunz, S. E. 1976. Effectiveness of diflubenzuron applied as 
dust to inhibit reproduction in horn flies. Southwest. 
Entomol. 1:190-93. 
Kunz, S. E., and D. E. Bay. 1977. Diflubenzuron: Effects on 
the fecundity, production, and longevity of the horn fly. 
Southwest. Entomol. 2:27-31. 
Kunz, S. E., R. L. Harris, B. F. Hogan, and J. E. Wright. 
1977. Inhibition of development in a field population 
of horn flies treated with diflubenzuron. J. Econ. 
Entomol. 70:298-300, 
Lewis, L. C., R. E. Lynch, and W. D. Guthrie. 1971. Biology 
of European corn borers reared continuously on a diet con­
taining fumidil B. Ann. Entomol. Soc. Amer. 64:1264-69. 
Lewis, L. C., R. E. Lynch, and E. C. Berry. 1973. Synthetic 
juvenile hormones: Activity versus the European corn 
borer in the field and the laboratory. J. Econ. Entomol. 
66:1315-1317. 
Lloyd, E. P., R. H. Wood, and E. B. Mitchell. 1977. Boll 
weevil; Suppression with TH 604 0 applied in cottonseed 
oil as a foliar spray. J. Econ. Entomol, 70:442-44. 
Locke, M. 1964. The structure and formation of the integument 
in insects. Pp. 379-470 in M. Rockstein, Ed. The 
Physiology of Insecta (3). Academic Press, New York. 
Locke, M. 1976. Specialized features of the integument. Pp. 
397-419 in R. L. Metcalf, and J. J. McKelvey, Jr., Eds. 
The Future for Insecticides Needs and Prospects. John 
Wiley and Sons, New York. 
103 
Lynch, R. E., L. C. Lewis, E. C. Berry, and J. F. Robinson. 
1977. European corn borer, granular formulations of 
Bacillus thuringiensis for control. J. Econ. Entomol. 
70:389-91. 
Mayer, M. S., and J. R. Brazzel. 1966. Laboratory studies to 
sterilize the boll weevil with radiation. Ann. Entomol. 
Soc. Am. 59:284-90. 
McGregor, H. E., and K. J. Kramer. 1976. Activity of Dimilin 
(TH 6040) against coleoptera in stored wheat and corn. 
J. Econ. Entomol. 69:479-80. 
Metcalf, F., Po-Yung Lu, and S. Bowlus. 1975. Degradation 
and environmental fate of 1-(2,6-difluorobenzoyl)-3-(4-
chlorophenyl)-urea. J. Agric. Food Chem. 23:359-64. 
Miller, R. W. 1974. TH 6040 as a feed additive for control 
of the face fly and house fly. J. Econ. Entomol. 67:697. 
Miller, R. W. 1976. Further developments in feed additives 
for fly control. Proc. Maryland Nutr. Conf. Feed Mfg. 
1976:15-19. 
Miller, R. W., C. Corley, and K, R. Hill. 1975. Feeding 
TH 6040 to chicken: Effects on larval house flies in 
manure and determination of residues in eggs. J. Econ. 
Entomol. 68:181-82. 
Miller, R. W., C. Corley, and S. R. Schufett. 1976. Effects 
of feeding TH 604 0 to two breeds of chickens. J. Econ. 
Entomol. 69:741-43. 
Mitlin, N., G. Wiygul, and J. W. Haynes. 1977. Inhibition 
of DNA synthesis in boll weevils (Anthonomus grandis 
Goheman) sterilized by Dimilin. Pestic. Biochem. 
Physiol. 7:559-63. 
Miura, T., and R. M. Takahashi. 1974a. Toxicity of TH 6040 
to fresh-water crustacea and the use of a Tolerance Index 
as a method of expressing side effects on non-targets. 
Proc. 42nd Calif. Mosq. Cont. Assn. Conf. 42:177-80. 
Miura, T., and R. M. Takahashi. 1974b. Insect development 
inhibitors. Effects of candidate mosquito control agents 
on non-target aquatic organisms. Environ. Entomol. 3: 
631-36. 
Miura, T., and R. M. Takahashi. 1975. Effects of the IGR, 
TH 6040, on non-target organisms when utilized as a 
mosquito control agent. Mosq. News 35:154-59. 
104 
Miura, T., T. H. Schaefer, R. M. Takahashi, and F. S. 
Mulligan III. 1976. Effects of the Insect Growth 
Inhibitor, Dimilin, on hatching of mosquito eggs. J. 
Econ. Entomol. 69:655-58. 
Moore, R. F., Jr., and H. M. Taft. 1975. Boll weevil: 
Chemosterilization of both sexes with busulfan plus 
Thorapson-Hayward TH 6040. J. Econ. Entomol. 68:96-98. 
Moore, R. F., R. A. Leopold, and H. M. Taft. 1978. Boll 
weevils: Mechanism of transfer of diflubenzuron from 
male to female. J. Econ. Entomol. 71:587-90. 
Mulder, R., and M. J. Gijswijt. 1973. The laboratory evalua­
tion of two promising new insecticides which interfere 
with cuticle deposition. Pestic. Sci. 4:737-45. 
Mulla, M. S., and H. A. Darwazeh. 1975. Evaluation of Insect 
Growth Regulators against Chironomids in experimental 
ponds. Proc. Forty-third Conf. Calif. Mosq. Cont. Assn. 
43:164-68. 
Mulla, M. S., D. R. Barnard, and R. L. Norland. 1975. 
Chironomid midges and their control in Spring Valley 
Lake, California. Mosq. News 35:389-95. 
Mulla, M. S., H. A. Darwazeh, and R. L. Norland. 1974. Insect 
Growth Regulators ; Evaluation procedures and activity 
against mosquitoes. J. Econ. Entomol. 67:329-32. 
Mulla, M. S., W. L. Kramer, and D. R. Barnard. 1976. Insect 
Growth Regulators for control of chironomid midges in 
residential-recreational lakes. J. Econ. Entomol. 69: 
285-91. 
Neal, J. W., Jr. 1974. Alfalfa weevil control with the 
unique growth disruptor TH 6040 in small plot tests. 
J. Econ. Entomol. 67:300-301. 
Oliver, J. E., A. B. DeMilo, R. T. Brown, and D. G. McHaffey. 
1977. AI3-63223; A highly effective boll weevil 
sterilant. J. Econ. Entomol. 70:286-88. 
Pallos, F. M., J. J. Menn, P. E. Letchworth, and J. B. 
Miaullis. 1971. Synthetic mimics of insect juvenile 
hormones. Nature, Lond. 232:486-87. 
Pickens, L. G., and A. B. DeMilo. 1977. Face fly: Inhibition 
of hatch by diflubenzuron and related analogues. J. Econ. 
Entomol. 70:595-97. 
105 
Post, L. C., and W. R. Vincent. 1973. A new insecticide 
inhibits chitin synthesis. Die Naturwissenschaften 60: 
431-32. 
Post, L. C., B. J. deJong, and W. R. Vincent. 1974. l-(2,6-
disubstituted benzoyl)-3-phenylurea insecticides; 
Inhibitors of chitin synthesis. Pestic. Biochem. 
Physiol. 4:473-83. 
Retnakaran, A., and L. Smith. 1975. Morphogenetic effects of 
an inhibitor of cuticle development on the spruce bud-
worm Choristoneura fumiferana {Lepidoptera:Tortricidae). 
Can. Entomol. 107 :883-86. 
Retnakaran, A., and L. Smith. 1976. Green house evaluation 
of TH 6040 activity on the forest tent caterpillar. 
Bi. Mon. Res. Notes-Can. For. Ser. 32:26-27. 
Rizk, G. A. M., and H. S. A. Radwan. 1975. Potency and 
residuality of two anti-molting compounds against cotton 
leafworm and bollworms. Z. Angew. Entomol. 79:136-40. 
Salama, H. S., and M. Magd El-Din. 1977. Effect of the molting 
inhibitor Dimilin on the cotton leafworm Spodoptera 
littoralis Boisd. in Egypt. Z. Angew. Entomol. 80:396-
407. 
Schaefer, C. H., and W. H. Wilder. 1972. Insect development 
inhibitors: A practical evaluation as mosquito control 
agents. J. Econ. Entomol. 65:1066-71. 
Schaefer, C. H., W. H. Wilder, and F. S. Mulligan, III. 1975. 
A practical evaluation of TH 6040 as a mosquito control 
agent in California. J. Econ. Entomol. 68:183-85. 
Schaefer, C. H., W. H. Wilder, F. S. Mulligan, III, and E. F. 
Dupras, Jr. 1974. Insect development inhibitors: 
Effects of Altosid, TH 6040 and H24108 against mosquitoes 
(Diptera:Culicidae). Proc. 42nd Calif. Mosq. Cont. Assn. 
Conf. 42:137-39. 
Still, G. G., and R. A. Leopold. 1975. The elimination of 
1-(4-chlorophenyl)-3-(2,6-difluorobenzoyl)-urea by the 
cotton boll weevil. Natl. Meet. Am. Chem. Soc. 
170:9. 
Taft, H. M., and A. R. Hopkins. 1975. Boll weevils: Field 
population controlled by sterilizing emerging overwintered 
females with a TH 6040 sprayable bait. J. Econ. Entomol. 
68:551-54. 
106 
Tamaki, G., and J. E. Turner. 1974. The zebra caterpillar on 
sugar beets: Control with two phenylurea compounds. 
J. Econ. Entomol. 67:697-99. 
Thomas, P. J., and P. L. Bhatnagar-Thomas. 1968. Use of a 
juvenile hormone analogue as insecticide for pests of 
stored grain. Nature Lond. 219:949. 
Turnipseed, S. G., E. A. Heinrichs, R. F. P. DaSilva, and J. W. 
Todd. 1974. Response of soybean insects to foliar 
applications of a chitin synthesis inhibitor TH 6040. 
J. Econ. Entomol. 67:760-62. 
Van Daalen, J. J., J. Meltzer, R. Mulder, and K. Wellinga. 
1972. A selective insecticide with a novel mode of 
action. Die Naturwissenschaften 59:312-13. 
Verloop, A., and C. D. Ferrell. 1977. Benzoylphenyl ureas -
a new group of larvicides interfering with chitin deposi­
tion. ACS Symposium Series 37:237-70. 
Wellinga, K., R. Mulder, and J. J. VanDaalen. 1973a. 
Synthesis and laboratory evaluation of 1-(2,6-disubstituted 
benzoyl)-3-phenylureas, a new class of insecticides. I. 
1-(2,6-dichlorobenzoyl)-3-phenylureas. J. Agric. Food 
Chem. 21:348-54. 
Wellinga, K., R. Mulder, and J. J. VanDaalen. 1973b. 
Synthesis and laboratory evaluation of 1-(2,6-disubstituted 
benzoyl)-3-phenylureas, a new class of insecticides. II. 
Influence of the acyl moiety on insecticidal activity. 
J. Agric. Food Chem. 21:993-98. 
Wright, J. E. 1974. Insect Growth Regulators: Laboratory 
and field evaluations of Thompson-Hayward TH 604 0 against 
the house fly and the stable fly. J. Econ. Entomol. 67: 
746-47. 
Wright, J. E. 1975. Insect Growth Regulators: Development 
of house flies in feces of bovine fed TH 6040 in mineral 
blocks and reduction in field population by surface 
treatments with TH 6040 or a mixture of stirofos and 
dichlorvos at larval breeding areas. J. Econ. Entomol. 
68:322-44. 
Wright, J. E., and R. L. Harris. 1976. Ovicidal activity of 
Thompson-Hayward TH 6040 in the stable fly and horn fly 
after surface contact by adults. J. Econ. Entomol. 69: 
728-30. 
107 
Wright, J. E., and G. E. Spates. 1976. Reproductive inhibi­
tion activity of the Insect Growth Regulator TH 6040 
against the stable fly and the house fly: Effects on 
hatchability. J. Econ. Entomol. 69:365-68. 
Wright, J. E., G. E. Spates, and S. E. Kunz. 1978. Diflu-
benzuron ovicidal activity against adult stable flies 
exposed to treated surfaces or treated animals. South­
west. Entomol. 3:5-13. 
Wright, J. E., J. B. Campbell, D. D. Oehler, and J. Schuggart. 
1977. Stable fly: Control with diflubenzuron applied to 
adult resting surfaces in cattle feedlots. Southwest. 
Entomol. 2:155-58. 
108 
ACKNOWLEDGEMENTS 
First, the author wishes to thank his major professor, 
Dr. W. D. Guthrie for his encouragement, understanding and 
guidance during the course of graduate studies. 
Second, the author wishes to thank Drs. D. F. Cox, J. A. 
Mutchmor, J. J. Tollefson and K. D. Whigham for serving as 
graduate committee members. Additional appreciation is 
extended to Dr. D. F. Cox for statistical help upon which many 
of the results are based. 
Third, only very special sincere and personal feelings can 
express the gratitude the author has for the friendship and 
efforts of Dr. E. C. Berry. Ed has consistently displayed 
leadership qualities that made working with him a rewarding 
pleasure. "Ed, I have learned a lot from you. I like your 
rational thinking, intelligent constructive criticism and 
guidance." May our relationship in the future, both as peers 
and as friends, remain as enjoyable as it is now. 
Fourth, the author wishes to thank Dr. L. C. Lewis of the 
Federal Corn Insect Research Unit for advice and help in 
conducting some of these experiments. Additional appreciation 
is extended to the entire staff of the Corn Insect Research 
Unit at Ankeny for their help and cooperation (you all made it 
easier for me ! ) . 
109 
Fifth, the author wishes to thank his parents Abdel Fattah 
and his special mother Elsura and the rest of his family for 
their never-ending love, encouragement, patience, and sacrifices 
emotionally and financially that was offered to him throughout 
all his school years. (Thank you all very much.) 
Sixth, the author wishes to thank one person without him I 
should not have continued my education beyond high school level. 
A special friend and a very special brother, God bless him and 
help me payback some of what he has done for me. He sacrificed 
his education for the family and through the years has displayed 
and shouldered with determination, originality, vision, patience, 
sacrifice, understanding, love and care all the responsibilities 
of our family. "Abbas, you are the king of the family." 
Seventh, the author wishes to thank his host family in 
Rochester Minnesota Mr. Charles Hoppe and his wonderful wife 
Edythe (mother) and the rest of the Hoppe castle for the moral 
support, kindness and love they bestowed upon me through the 
years I have come to know them. 
Lastly, the author wishes to thank the Democratic Republic 
of the Sudan (Sudan Gezira Board) for their essential partial 
sponsorship during the first 3 years of graduate studies. 
110 
APPENDIX 
Ill 
Table 30. Analysis of variance of the number of normal larvae 
collected from the Ist-dissection of field corn 
treated with diflubenzuron for Ist-generation corn 
borer control. Ankeny, Iowa, 1976 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 225.2 
Formulation (F) 1 5076.6 59.1** 
Rate CR) 3 3608.2 42.0** 
F X R 3 217.9 2.5 ns 
Error (A) 21 86.0 
Number of applications (NA) 1 306.3 4.8* 
F X NA 1 462.3 7.3* 
R X NA 3 100.5 1.6 ns 
F X R X NA 3 94.8 1.5 ns 
Error (B) 24 63.3 
Corrected total 63 347.8 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
** 
Significant at the 1 percent level of probability. 
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Table 31, Analysis of variance of number of abnormal larvae 
collected from the Ist-dissection of field corn 
treated with diflubenzuron for Ist-generation corn 
borer control. Ankeny, Iowa, 1976 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 7.60 
Formulation (F) 1 40.60 7.40* 
Rate (R) 3 167,80 30.40** 
F X R 3 1.80 . 30 ns 
Error (A) 21 5.50 
Number of applications (NA) 1 .02 . 04 ns 
F X NA 1 .40 .10 ns 
R X NA 3 1.30 .40 ns 
F X R X NA 3 .90 . 30 ns 
Error (B) 24 3.60 
Corrected total 53 12.40 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
* * 
Significant at the 1 percent level of probability. 
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Table 32. Analysis of variance of number of normal larvae 
collected from the 2nd-dissection of field corn 
treated with diflubenzuron for Ist-generation corn 
borer control. Ankeny, Iowa, 1976 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 6,4 
Formulation (F) 1 4,0 ,2 ns 
Rate (R) 3 981.9 47.0** 
F X R 3 59.8 2.9 ns 
Error (A) 21 20.9 
Number of applications (NA) 1 I
—
1 œ
 1.9 ns 
F X NA 1 5.1 .1 ns 
R X NA 3 11.4 .3 ns 
F X R X NA 3 25.5 . 7 ns 
Error (B) 24 35.7 
Corrected total 63 73.5 
ns = nonsignificant. 
* * 
Significant at the 1 percent level of probability. 
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Table 33. Analysis of variance of number of abnormal larvae 
collected from the 2nd-dissection of field corn 
treated with diflubenzuron for Ist-generation corn 
borer control. Ankeny, Iowa, 1976 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 16.8 
Formulation (F) 1 .8 .1 ns 
Rate (R) 3 99.9 14.1** 
F X R 3 8.9 1.3 ns 
Error (A) 21 7.1 
Number of applications (NA) 1 15.0 3.7 ns 
F X NA 1 2.6 .7 ns ^  
R X NA 3 5.9 1.5 ns 
F X R X NA 3 4.1 1.0 ns 
Error (B) 24 4.0 
Corrected total 63 10.7 
ns = nonsignificant. 
** 
Significant at the 1 percent level of probability. 
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Table 34. Analysis of variance of borer cavity numbers in 
field corn treated with diflubenzuron for 1st-
generation corn borer control. Ankeny, Iowa, 1976 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 110.6 
Formulation (F) 1 3122.0 5.5* 
Rate (R) 3 32378.3 57.5** 
F X R 3 520.1 .9 ns 
Error (A) 21 563.0 
Number of applications (NA) 1 511.9 2.2 ns 
F X NA 1 74.4 .3 ns 
R X NA 3 73.5 .3 ns 
F X R X NA 3 445.7 1.9 ns 
Error (B) 24 233.6 
Corrected total 63 1932.1 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
* * 
Significant at the 1 percent level of probability. 
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Table 35. Analysis of variance of the number of larvae 
collected from the dissection of 10 corn plants to 
test the effect of diflubenzuron against 2nd-
generation borers. Ankeny, Iowa, 1976 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 14089.4 
Formulation (F) 2 1784.4 1.7 ns 
Rate (R) 3 17197.6 16.5** 
F X R 6 849.9 .8 ns 
Error (A) 33 1043.5 
Number of applications (NA) 1 1449.3 2.1 ns 
F X NA 2 1458.0 2.2 ns 
R X NA 3 364.7 .5 ns 
F X R X NA 6 825.9 1.2 ns 
Error (B) 36 674.5 
Corrected total 95 1806.9 
ns = nonsignificant. 
** 
Significant at the 1 percent level of probability. 
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Table 36. The analysis of variance of blackened larvae 
collected from the dissection of corn plants treated 
with diflubenzuron against 2nd-generation of ECB. 
Ankeny, Iowa, 1976 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 3.10 
Formulation (F) 2 2.10 3.10 ns 
Rate (R) 3 2.10 3.20* 
F X R 6 .20 .20 ns 
Error (A) 33 .70 
Number of applications (NA) 1 o 0
0 
2.70 ns 
F X NA 2 .40 1.30 ns 
R X NA 3 .04 . 10 ns 
F X R X NA 6 .10 . 30 ns 
Error (B) 36 .31 
Corrected total 95 .59 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
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Table 37. Analysis of variance of the number of normal larvae 
of the ECB recovered after feeding a diet topically 
treated with diflubenzuron. Ankeny, Iowa, 1977 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 1.9 
Concentration (C) 1 92.0 17.6* 
Error (a) 3 3.1 
Age (A) 5 605.7 116.0** 
C X A 5 1.5 .3 ns 
Error (b) 30 3.2 
Order (0) 1 54 10.3* 
C X 0 1 2.7 .5 ns 
A X 0 5 63.6 12.2** 
C X A X 0 5 2.9 . 6 ns 
Error (c) 36 5.2 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
** 
Significant at the 1 percent level of probability. 
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Table 38. Analysis of variance of percent larval survival to 
pupation (larvae fed on a diet topically treated 
with diflubenzuron). Ankeny, Iowa. 1977 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 .02 
Concentration (C) 1 1
—
I 
3.31ns 
Error (a) 3 .04 
Age (A) 5 .04 2.54* 
C X  A 5 .02 1.24ns 
Error (b) 30 .02 
Order (0) 1 .04 2.90ns 
C X  0 1 .06 4.83* 
A X  0 5 .29 22.13** 
C X  A X  0 5 .03 2.51ns 
Error (c) 36 1
—
1 
o
 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
* * 
Significant at the 1 percent level of probability. 
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Table 39. Analysis of variance of percent normal pupation 
(larvae fed on a diet topically treated with 
diflubenzuron). Ankeny, Iowa, 1977 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 .02 
Concentration CO 1 .03 1,46ns 
Error (a) 3 .03 
Age (A) 5 .07 1.32ns 
C X A 5 .01 , 56ns 
Error (b) 30 .05 
Order (0) 1 .70 33.76** 
C X 0 1 .02 6.78* 
A X 0 5 .14 1.03ns 
C X A X 0 5 ,02 1.11ns 
Error (c) 36 .02 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
Significant at the 1 percent level of probability. 
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Table 40. Analysis of variance of percent normal emergence 
(larvae fed on a diet topically treated with 
diflubenzuron). Ankeny, Iowa, 1977 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 .11 
Concentration 1 .39 8.13ns 
Error (a) 3 .05 
Age (A) 5 .11 1.17ns 
C X A 5 .04 .45ns 
Error (b) 30 .09 
Order (0) 1 2.15 23.66** 
C X 0 1 .04 .49ns 
A X 0 5 .04 .41ns 
C X A X 0 5 .07 .80ns 
Error (c) 36 .09 
ns = nonsignificant. 
Significant at the 1 percent level of probability. 
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Table 41. Analysis of variance of female pupal weight (larvae 
fed on a diet topically treated with diflubenzuron). 
Ankeny, Iowa, 1977 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 710.1 
Concentration (C) 1 111.0 . 5 ns 
Error (a) 3 238.4 
Age (A) 5 291.9 1.2 ns 
C X A 5 24.9 .1 ns 
Error (b) 30 253.5 
Order (0) 1 2173.2 15.1* 
C X 0 1 673.3 4.7* 
A X 0 5 327.5 2.3 ns 
C X A X 0 5 24.8 . 2 ns 
Error (c) 36 143.9 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
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Table 42. Analysis of variance of male pupal weight (larvae 
fed on a diet topically treated with diflubenzuron). 
Ankeny, Iowa, 1977 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 674.62 
Concentration (C) 1 .57 . 02ns 
Error (a) 3 33.79 
Age (A) 5 188.29 1.87ns 
C X A 5 256.58 2.55* 
Error ( b )  30 97.23 
Order (0) 1 2948.69 30.35** 
C X  0 1 55.08 . 57ns 
A X  0 5 172.48 1.78ns 
C X  A X  0 5 89.71 . 92ns 
Error (c) 36 97.15 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
* * 
Significant at the 1 percent level of probability. 
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Table 43. Analysis of variance; ECB egg masses with 0% hatch 
due to cheitiosterilization by diflubenzuron. 
Ankeny, Iowa, 1978 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 3857.53 
Concentration (C) 1 566.72 4.74 ns 
Error (a) 3 134.43 
Age (A) 5 37.02 .31 ns 
C X  A 5 118.36 .99 ns 
Error (b) 30 77.57 
Pair (P) 5 280.96 2.35* 
C X  P 5 192.40 1.61 ns 
A X  P 25 189.36 1.58* 
C X  A X  P 25 95.8 . 80 ns 
Error (c) 180 119,75 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probabil ity. 
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Table 44. Analysis of variance; ECB egg masses that embryo-
nated without hatching due to chemosterilization 
by diflubenzuron. Ankeny, Iowa, 1978 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 1273.10 
Concentration (C) 1 115.01 1.32 ns 
Error (a) 3 37.10 
Age (A) 5 34.63 .40 ns 
C X  A 5 57.72 .65 ns 
Error (b) 30 118.79 
Pair (P) 5 212.54 2.44* 
C X  P 5 249.90 2.87* 
A X  P 25 150.08 1.73* 
C X  A X  P 25 71.82 .83 ns 
Error (c) 180 87.00 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
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Table 45. Analysis of variance; ECB egg masses with 100% 
hatch when testing the chemosterilization effect of 
diflubenzuron. Ankeny, Iowa, 1978 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 522.30 
Concentration (C) 1 3.13 . 02 ns 
Error (a) 3 200.46 
Age (A) 5 879.70 4.89** 
C X  A 5 20.64 .11 ns 
Error (b) 30 159.76 
Pair (P) 5 787.56 4.37** 
C X  P 5 210.70 1.17 ns 
A X  P 25 191.83 1.07 ns 
C X  A X  P 25 167.17 . 93 ns 
Error (c) 180 180.03 
ns = nonsignificant. 
* * 
Significant at the 1 percent level of probability. 
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Table 45 • Analysis of variance; sterile ECB egg itjasses due to 
chemosterilization by diflubenzuron. Ankeny, Iowa, 
1978 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 10841.47 
Concentration (C) 1 272.22 1.33 ns 
Error (a) 3 118.53 
Age (A) 5 907.26 8.28** 
C X  A 5 46.98 .23 ns 
Error (b) 30 108.87 
Pair (P) 5 1008.36 4.94* 
C X  P 5 105.14 .51 ns 
A X  P 25 225.94 1.11 ns 
C X  A X  P 25 121.12 .59 ns 
Error (c) 180 204.28 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
* * 
Significant at the 1 percent level of probability. 
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Table 47. Analysis of variance; ECB egg masses with 1-50% 
hatch due to chemosterilization by diflubenzuron . 
Ankeny, Iowa, 1978 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 306.16 
Concentration (C) 1 2.00 . 04 ns 
Error (a) 3 136.80 
Age (A) 5 86.84 1.65 ns 
C X  A 5 63.66 1.21 ns 
Error ( b )  30 100.26 
Pair (P) 5 103.44 1.97 ns 
C X  P 5 139.94 2.17* 
A X  P 25 114.31 2.66** 
C X  A X  P 25 85.78 1.63* 
Error (c) 180 52.64 
ns = nonsignificant. 
* 
Significant at the 5 percent level of probability. 
* * 
Significant at the 1 percent level of probability. 
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Table 48. Analysis of variance; ECB egg masses with 51-99% 
hatch due to chemosterilization by diflubenzuron. 
Ankeny, Iowa, 1978 
Source of variation Degrees of freedom 
Mean 
square F-value 
Rep 3 82.53 
Concentration (C) 1 445.01 3.67 ns 
Error (a) 3 56.60 
Age (A) 5 129.40 1.07 ns 
C X  A 5 51.40 .42 ns 
Error ( b )  30 149.65 
Pair (P) 5 153.86 1.27 ns 
C X  P 5 154.88 1.28 ns 
A X  P 25 143.81 1.19 ns 
C X  A X  P 25 120.28 .99 ns 
Error (c) 180 121.27 
ns = nonsignificant. 
